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INTRODUCTION 


I  ABSTRACT 

This  user  guide  introduces  one  to  the  use  of  ’’SUBSTRC,"  a 
finite  element  computer  program  for  static  analysis  of  nonlinear 
\  structures.  It  describes  the  input  data  format;  and  it  demon¬ 

strates  the  use  of  several  data  generating  programs.  It  also 
»  shows  sample  "SUBSTRC"  output  and  the  use  of  several  programs 

I  to  display  the  analysis  results  graphically. 

J  ADMINISTRATIVE  INFORMATION 

This  documentation  was  funded  by  SSBN  Systems  Technology  Program  Task.  22234: 
"MARCSTRUC  Documentation,"  Work  Unit  1720-634. 

I 

CHAPTER  1 
INTRODUCTION 

"SUBSTRC"  is  a  Fortran,  substructure,  finite  element  program  for  nonlinear 
analysis  of  static  structures.  It  contains  a  library  of  elements  which  may  be  used 
in  combination  to  effect  the  analysis  of  a  structure.  Several  types  of  tying  con¬ 
straints  are  available,  allowing  different  element  types  to  be  tied  together  as  well 
as  permitting  the  imposition  of  displacement  constraints. 

Elastic-plastic  and  large  displacement  analysis  is  performed  in  a  series  of 

,  r  1* 

piece-wise  linear  increments.  The  formulations  from  both  references  {MARCVOLV } 
and  {JONES73}  are  selectable. 

The  hardware  configuration  to  run  "SUBSTRC"  is  detailed  in  {POLICY}. 

r  -■» 

i.l  USER  PREREQUISITES 

A  Finite  Element  Method  (FEM)  Computer  Program  for  nonlinear  analysis  such  as 
"SUBSTRC"  cannot  be  approached  casually.  We  recommend  that  a  user  be  well  grounded 
in  his  knowledge  of  the  physical  behavior  of  real  structures  so  that  "impossible" 
answers  from  a  program  are  recognized  as  impossible.  We  recommend  that  a  user  be 
familiar  with  the  FEM  program  he  is  using:  this  includes  knowledge  of  the  accuracy, 
the  applicability,  and  the  idiosyncrasies  of  the  program.  These  may  be  gained  b}- 
experience,  which  should  be  garnered  from  the  running  of  "small"  test  cases.  We 


’■'References  are  enclosed  in  braces  {and}.  A  complete  listing  of  references 
is  given  In  Chapter  15. 
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recommend  that  a  user  be  familiar  with  the  computer  system  he  is  using:  this  in¬ 
cludes  knowledge  of  the  accuracy  and  the  idiosyncrasies  of  both  the  hardware  and 
software.  Reliable  descriptions  of  the  machine  accuracy  can  usually  be  obtained 
from  the  manufacturer's  documentation.  The  system  software  changes  quite  frequently, 
and  it  is  good  to  have  a  local  expert  to  explain,  in  your  terms,  the  latest  changes 
and  their  effects. 

1.2  HARDWARE  AND  SOFTWARE  REQUIREMENT’S 

"SUBSTRC"  is  a  large  program  that  executes  on  the  Control  Data  Corporation  6000 
.series  computers  detailed  in  {POLICY}.  At  the  time  of  this  writing,  the  David  W. 
Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC)  CDC  6000  machines  are 
using  the  "NOS/BE"  operating  system. 

Effective  FEM  analysis  is  usually  recognized  as  a  three  part  sequence:  pre¬ 
analysis,  analysis,  and  post-analysis.  The  pre-analysis  stage  consists  of  preparing 
and  manipulating  the  input  data  to  the  analysis  program,  and  the  post-analysis  stage 
attempts  to  answer  the  question,  "what  did  we  get?"  Although  the  pre-analysis  stage 
could  be  completely  done  with  punched  cards,  and  the  post-analysis  stage  could  be 
done  by  visually  scanning  the  analysis  printout,  there  are  better  ways. 

The  fastest  way  to  complete  the  pre-analysis  stage  is  through  the  use  of  as 
much  of  the  computer  as  possible.  Interactive  use  of  an  editor  (such  as  "NETED" 
iNETED})  will  speed  production  of  data  card  Images.  Other  simple  programs  are  easily 
written  to  speed  input  preparation.  Pictures  of  the  structure  to  be  analyzed  are  no 
longer  a  luxury;  they  are  required.  These  are  most  easily  generated  with  interactive 
graphics  programs  such  as  "STAGING"  {STAGINREF}.  Programs  for  specific  use  with 
"SUBSTRC,"  "MARCCDC,"  and  "TRAINS"  are  documented  in  this  report.  They  include: 

•  "BEAMX"  to  generate  coordinates  for  open  section  beam  elements. 

•  "CM"  to  determine  the  central  memory  required  by  "SUBSTRC." 

•  "SHELLX"  to  generate  coordinates  for  doubly  curved  isoparametric  shell 
elements . 

•  "STON"  to  convert  "SUBSTRC"  format  data  to  NASTRAN  format  data  for  use  of 
NASTRAN  developed  software. 
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•  "WABS"  to  prepare  the  intermediate  file  'NEW1N>  for  "SUBSTRC." 

"SUBSTRC"  stands  by  itself  as  the  analysis  component  of  the  FEM  system. 

However,  several  procedures  are  helpful  to  nonlinear  analysis.  These  include: 

•  "HOLD"  to  preserve  the  results  of  a  nonlinear  analysis  step. 

•  "RESTART"  to  set  up  the  operating  system  for  continued  analysis  of  a 
nonlinear  problem. 

The  post  analysis  phase  also  requires  interactive  use  of  the  computer  for 
effectiveness.  System  editors  allow  scanning  of  the  output  files  to  search  for 
desired  items  quickly.  Pictures,  again,  are  not  a  luxury;  they  are  required  for 
visualization  of  the  behavior  of  the  mathematical  model  of  the  structure.  Programs 
for  this  purpose  are  documented  in  this  report.  They  include: 

•  "ADTOC"  to  add  displacements  to  the  original  coordinates  (and  hence  permit 
display  of  a  displaced  structural  model). 

•  "DFLSIFT"  to  enable  editing  of  the  "SUBSTRC"  displacement  output  file  (and 
hence  select  areas  of  interest  for  display) . 

•  "REVISE"  to  enable  cheap  revision  of  the  restart  files. 

•  "STRSIFT"  to  enable  editing  of  the  "SUBSTRC"  stress  output  file  (and  hence 
select  areas  of  interest  for  display). 

•  "CRUMBLE,"  a  procedure  to  break  a  file  apart  for  easy  display. 

1.3  ORGANIZATION  OF  THIS  REPORT 

It  is  indeed  unfortunate  that  the  information  needed  to  pursue  structural 
analysis  on  a  computer  cannot  be  presented  to  a  new  user  sequentially  but  must  pro¬ 
ceed  across  a  rather  broad  technical  spectrum.  Hence,  we  first  include  a  list  of 
all  the  elements  in  the  "SUBSTRC"  library,  with  the  idea  that  the  elemental  modeling 
capabilities  of  the  program  are  of  immediate  interest.  This  is  followed  by  "a 
simple  example,"  making  use  of  several  of  the  auxiliary  programs.  When  you  read 
this  chapter,  take  some  of  the  things  that  you  don't  understand  on  faith  until  you 
can  read  the  documentation  for  these  programs.  If  questions  remain  (or  even 
increase!)  after  reading  these  other  chapters,  experiment  by  executing  the  programs 
in  question  with  FEM  data  characterizing  the  problem. 
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Following  "a  simple  example"  alphabetically  are  the  documents  describing  the 
software.  Perhaps  the  best  place  to  begin  reading  is  Chapter  13:  "WABS"  (the  name 
derives  from  Program  W,  Absolute  Load).  Then  try  Chapter  10:  "SHELLX,"  the  pro¬ 
gram  which  produces  coordinates  for  triangular  and  quadrilateral  sliell  elements 
8  and  20  respectively.  Others  may  be  read  as  necessary. 

While  writing  this  book,  I  discovered  that  it  would  simplify  things  considerably 
if  each  chapter  had  page  numbers  commencing  from  1.  Because  each  chapter  (save  the 
element  library)  also  contains  the  title  of  the  chapter  ar  the  top  of  each  page,  I 
felt  this  would  also  be  a  satisfactory  arrangement  for  the  reader. 
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THE  ELcHcNT  LIBRARY  CONTAINS  cLENENTS  WHICH  DATE  FROM  THE 

ORIGIN  Of  THE  •RAiCCOC*  COHPUTER  PROGRAM  OP  THRU  VERSIOA 

OF  THAT  CODE.  ELEMENT  20.  HOWEVER.  WAS  DEVELOPED  AT  THE  ( 

OAVIO  TAYLOR  NSR«-OC  BY  JONES  FOR  THE  ANALYSIS  OF  DOURLY 

CURVED  THIN  SHELLS.  THE  FOLLOWINC  IS  A  BRIEF  OESCRIPTTON  OF  ^ 

THE  ELEMENTS  IN  THE  'SUBSTRC*  LIBRARY,  FOR  MORE  DETAILS.  i 

CONSULT  THE  APPROPRIATE  REFERENCES. 

1.  TWO  NODE  AXISYHMETRIC  SHELL.  THIS  ELEMENT  IS  AN  j 

AXISYMMETRIC  THIN  SHELL  ASSEMBLED  I«  LOCAL  ' 

COORDINATES  MNICH  IS  THEN  ROTATED  INTO  THE  GLOBAL 

SYSTEM.  ITS  DEVELOPMENT  IS  DETAILED  IN  {KOJASDEHI, 

AND  DETAILS  OF  ITS  USE  ARE  SPECIFIED  IN  IMARCVOLIT.  I 

IF  POSSIBLE.  USE  ELEMENT  15  INSTEAD. 

2.  AXISTMHETRIC  TRIANGULAR  RING.  THIS  ELEMENT  IS  AN  < 

AXISYMMETRIC  SOLID  lOOY  OF  REVOLUTION.  ELEMENT  10 

IS  A  BETTER  ELEMENT.  AND  SHOULD  BE  USED.  IF 
POSSIBLE.  ITS  STIFFNESS  IS  FORMED  IN  LOCAL 

COORDINATES  AND  THEN  ROTATED  INTO  THE  GLOBA  I 
SYSIEM.  DEVELOPMENT  DETAILS  ARE  GIVEN  IN  TCLNUGHT 
ANO  DETAILS  OF  ITS  USE  ARE  SPECIFIED  IN  CNARCVOLl>. 

3.  PLANE  STRESS  QUADRILATERAL.  THIS  IS  A  FOUR  NODE 

ISOPARAMETRIC  QUADRILATERAL  ELEMENT.  THE  ELFMENH 
IS  FCRHEO  BY  A  MAPPING  FROM  THE  X-Y  PLANE  TO  THE 
G-H  PLANE.  THE  STIFFNESS  IS  FORNEO  BY  2X2 

GAUSSIAN  INTEGRATION.  DEVELOPMENT  DETAILS  ARE 
GIVEN  IN  CZIENKIEWICZI  AND  DETAILS  OF  ITS  USE  ARE 
SPECIFIED  IN  CMARCVOLII. 

4.  VACANT. 

5.  BEAM  COLUMN.  THIS  ELEMENT  IS  A  STRAIGHT,  TWO-NODE. 
RECTANGULAR  SECTION  BEAM-COLUMN  ELEMENT.  ELEMENT 
lb  IS  THE  BETTER  ELEMENT,  AND  SHOULD  BE  USED  IF 
POSSIBLE.  DEVELOPMENT  DETAILS  ARE  GIVEN  IN 
(ZIENKIEWICZI  AND  DETAILS  OF  ITS  USE  ARE  SPECIFIED 
IN  {MARCVOLII. 

6.  TWO  DIMENSIONAL  PLANE  STRAIN  TRIANGLE.  THIS 

ELEMENT  IS  THE  CONSTANT  STRESS  CPLANE  STRAIN) 

TRIANGLE  BASED  ON  LINEAR  OISPLACEHENT  ASSUMPTIONS. 

IF  POSSIBLE,  ELEMENT  11  SHOULD  BE  USED,  AS  T T  IS 
IH(t  BETTER  ELEMENT.  DEVELOPMENT  DETAILS  ARE  GIVEN 
IN  CZIENKIEMICZI  AND  DETAILS  OF  ITS  USE  ARE 
SPECIFIED  IN  CHARCVOLI>. 

7.  THREE  or  1ENS10NAL  BRICK.  THIS  IS  AN  EIGHT  NODE 
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ISGPARAHETRIC  ELEMENT.  BETTER  RESPONSE  IS  OBTiAINEO 
FROM  ELEMENT  21.  H0NEVE9.  MHICH  SHOULD  BE  USED,  IF 
F0SS18LE.  DEVELOPMENT  DETAILS  ARE  GIVEN  IN 
CZIENKIENICZI  AND  DETAILS  OF  ITS  USE  ARE  SPECUFIEO 
IN  IFARC«0L1>. 

6.  LDU8LY  CURVED  TRIANGULAR  SHcLL •  THIS  ELEMENT  IS  AN 
16JPARAHETRIC  DOUBLY  CURVED  TRIANGULAR  SHELL 
lLlMENT  BAScO  on  the  KOITER-SANDERS  shell  THEORY. 
THIS  ELtMENT  FULFILLS  ALL  CONTINUITY  REQUIREMENTS 
ANil  REPRESENTS  RIGID  BODY  MOTIONS  EXACTLY. 
LLVcLOPHENT  DETAILS  ARE  GIVEN  IN  COUPUIST  ANl 
uETAILS  OF  ITS  USE  ARE  SPECIFIED  IN  IMARCVOLIT. 

B.  THkcE  DIMENSIONAL  TRUSS.  THIS  ELEMENT  IS  THE 
ilrlPLE  LINEAR  STRAIGHT  TRUSS  HITH  CONSTANT  CROSS 
StCriON.  The  STRAIN-DISPLACEMENT  RELATIONS  ARE 
tiRITTEN  FOR  LARGE  STRAIN.  LARGE  DISPLACEMENT 
ANALYSIS.  OEVELOPMtNT  DETAILS  ARE  GIVEN  IN 
(ZixNKIEHlCZT  AND  OtTAlLS  OF  ITS  USE  ARE  SPECIFIED 
IN  (MARCVOLl). 

10.  QUADRILATERAL  AXISYMHETRIC  RING.  THIS  ELEMENT  IS 
The  SAME  FORMULATION  AS  ELEMENT  3.  HRITTEN  FOR 
AXISYMHETRIC  GEOMETRY.  IT  IS  AN  ARBirVARY 
AXISYMHETRIC  OUAORlLATERALLY  SHAPED  RING  SOLID. 
OEVELOPHENT  DETAILS  ARE  GIVEN  IN  { ZIENKIEHICZT  AN C 
UtTAILS  OF  ITS  USE  ARE  SPECIFIED  IN  CHARCVOLlT. 

11.  UUAORILATlRAL  plane  strain.  THIS  ELEMENT  IS  THE 
SAHti  FORMULATION  AS  ELEMENTS  3  AND  10.  NRITTEN  FOR 
PLANE  STRAIN,  OEVcLOPMENT  DETAILS  ARE  GIVEN  IN 
(ZIxMKIENlCZI  ANO  DETAILS  OF  ITS  USE  ARE  SPEDTFIED 
iN  (FARCVOLll. 

12.  VACANT. 

13.  GPe-N  SECTION  THIN  HALL  BEAM.  THIS  ELEMENT  TS  AN 
OPcN  SECTION,  CURVl.0,  THIN  MALL  BEAM  BEAM  OF 
AKUiTRARY  StCTION.  THE  GEOMETRY  IS  INTFRPOLATEO 
CUdICALLY  F.<ON  CGOROINATc  ANO  DIRECTOR  INFORMATION 
at  TMO  NODES.  DEVELOPMENT  DETAILS  ASF  GIVFN  IN 
(VlASOVI  ANO  DETAILS  OF  ITS  USE  ARE  SPECIFIED  IN 
{MmRCVOLII. 

I-..  ..LJStD  StCTIUN  fltAM  IN  TWREt  DIMENSIONS.  THIS  IS  A 
SIMPLE  CLOSED  SECTION  STRAIGHT  BEAM  ELEMENT  MI TH  MO 
harping  CF  THE  SECTION.  BUT  INCLUDING  THIST.  THE 

Default  cross  section  is  a  thin  halleo  circula* 
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cylinder:  the  u^er  hay  specify  alternatve  cross 

SECTIONS  THROUGH  THE  USE  OF  SUBROUTINE  "CSECT.* 
CEYELOPHENT  DETAILS  ARE  GIVEN  IN  (VLASOVY  AN C 
DETAILS  OF  ITS  USE  ARE  SPECIFIED  IM  {HARCVOLlT. 

13.  AXISVMHETRIC  ISOPARAMETRIC  SHELL.  THIS  ELEMENT  IS 
A  TWO  NODE.  AXISYNNETRIC  THIN  SHELL  ELEMENT  NITH  A 
CUBIC  DISPLACEMENT  ASSUMPTION  BASED  ON  THE  GLOBAL 
DISPLACEMENTS  AND  THEIR  DERIVATIVES  WITH  RESPErT  TO 
QISTANCE  MtiASUREO  ALONG  THE  SHELL.  THE  STRAIN 

DISPLACEMENT  RELATIONS  ARE  SUITABLE  FOB  LARGE 
DISPLACEMENTS  NITH  SHALL  STRAINS.  THE  STRESS 
STRAIN  RELATICNSHIP  IS  INTEGRATED  THROUGH  THE 
THICKNESS  BY  AN  11-POlNT  SIMPSON'S  RULE.  THE  FIRST 
AND  LAST  POINTS  BEING  ON  THE  SURFACE.  FIVE  POINT 
GAUSSIAN  INTEGRATION  IS  USED  ALONG  THE  ELEMENT. 
details  OF  ITS  USE  ARE  SPECIFIED  IN  {HARCVOLlT. 

16.  ISUFARAHETRIC  CURVED  2-0  BEAM.  THIS  ELEMENT  IS  A 
TWO  NODE,  ISOPARAMETRIC  CURVED  BEAM  NITH  A  CUBIC 
DISPLACEMENT  ASSUMPTION  BASED  ON  THE  GLOBAL 
DISPLACEMENTS  AND  THEIR  DERIVATIVES  NITH  RESPECT  TO 
DISTANCE  MEASURED  ALONG  THE  BEAN.  THE  STRAIN 
DISPLACE  TENT  RELATIONS  ARE  SUITABLE  FOR  LARGE 
DISPLACEMENTS  NITH  SMALL  STRAINS.  THE  STRESS 
STRAIN  RELATICNSHIP  IS  INTEGRATED  THROUGH  THE 
THICKNESS  BY  AN  11-POIMT  SIMPSON'S  RULE.  THE  FIRST 
AND  LAST  POINTS  BEING  ON  THE  SURFACE.  FIVE  POINT 
GAUSSIAN  INTEGRATION  IS  USED  ALONG  THE  ELEMENT. 
THE  DEFAULT  CROSS  SECTION  IS  A  SOLID  RECTANGLE. 
DETAILS  OF  ITS  USE  ARE  SPECIFIED  IN  CMARCVOLlT. 

17.  VACAMT. 

Id.  FOUR  NODE  ISOPARAMETRIC  MEMBRANE.  THIS  ELFHEMT  IS 
A  FOUR  NODE  MEMBRANE  ELEMENT  IN  THREE  SPACE.  BASED 
ON  THE  FIRST  ORDER  ISOPARAMETRIC  FORMULATION.  THE 
CLEMENT  IS  SENSITItE  TO  SEVERE  DISTORTION:  A 
RECTANGULAR  MESH  IS  RECOMMENOED.  DETAILS  OF  ITS 
USE  ARE  SPECIFIED  IN  {HARCVOLlT. 

!:«.  GENERALIZED  PLANE  STRAIN  QUADRILATERAL.  THIS 
ELEMENT  IS  AN  EXTENSION  OF  THE  PLAHF  STRAIN 
ISJPARAMcTRIG  rlUAORlLATERAL  (CLEMENT  It) 

GEttIcRALiZEO  TO  THE  PLANE  STRAIN  CASE.  THE 
GENERALIZED  PLANE  STRAIN  CONDITION  IS  OBTAINFQ  BY 
ALLOWING  TWO  EXTRA  NODES  IN  EACH  ELEMENT.  DFOAILS 
OF  ITS  USE  ARE  SPEC IFIEO  IN  {MARCVOLll. 
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2*i.  UOUBLY  CURVED  QUADRILATERAL  SHELL.  THIS  ELEHEHT  IS 
AN  EXTENSION  OF  THE  TRIANGULAR  DOUBLY  CURVED  SHELL 
IElEMENT  8).  IT  IS  AN  ISOP ARAHET RIC  DOUBLY  CURVED 
QUADRILATERAL  ELEMENT  BASED  ON  THE  KOITER-SA ADDERS 
SHELL  THEORY.  THIS  ELEHENT  FULFILLS  ALL  CONTINUITY 
REQUIREMENTS  AND  REPRESENTS  RIGID  BODY  HOr*IONS 
EXACTLY.  DEVELOPMENT  DETAILS  ARE  GIVEN  IN 

{jaN£S77>  AND  DETAILS  OF  ITS  USE  ARE  SPECIFIED  IN 
IHARCVOLIT. 

21.  THREE  DIMENSIONAL  20-NODE  BRICK.  THIS  ELFHENf  IS 
AN  ISOPARAMETRIC  THREE  DIMENSIONAL  BRICK.  EACH 
cDGE  FORMS  A  PARABOLA*  SO  THAT  8  NODES  DEFINE  THE 
CORNERS  OF  THE  ELEMENT  AND  A  FURTHER  12  NODES 
DEFINE  THE  POSITION  OF  THE  HIDSIOE  NODES.  THIS 
ELEMENT  IS  A  RAPIDLY  CONVERGING  ELEMENT  FOR  THREE 
CIHENSIONAL  ANALYSIS.  DETAILS  OF  ITS  USF  ARE 

SPcCIFIEO  IN  {HARCVOLlT. 
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CHAPTER  3 
A  SIHPLE  EXAMPLE 
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A  SIMPLE  EXAMPLE 
INTRODUCTION 


3.1  INTRODUCTION 


MERE  ME  PROCEED  FROM  THE  GLEAM  IN  THE  EYE  TO  THE 
NUMBERS  CONING  OUT  OF  'SUBSTRC*.  ME  START  MITH 
CONSIDERATION  OF  A  CTRIVIALI  MATHEMATICAL  MODEL.  ME 
THEN  GENERATE  THE  GRIDPOINT  COORDINATES  MITH  TMO  OF  THE 
AUXILIARY  PROGRAMS.  THESE  ARE  MERGED  INTO  A  FILE  OF 
DATA  INPUT  TO  'NABS*.  MASS  ANALYZES  THE  DATA  FOR 
ERRORS.  MHEN  ERROR-FREE  DATA  ARE  INPUT,  OR  THE 
*GOERRORS*  FLAG  IS  SET,  MASS  PRODUCES  THE  <NENIN>  FILE. 
<NEMIN>  CAN  BE  USED  FOR  PROCESSING  MITH  PLOTTERS 
CTHROUGH  •STONM  IF  OESIREO;  EVENTUALLY,  IT  IS  PASSED  AS 
INPUT  TO  »SUBSTRC*.  SU8STRC  THEN  ANALYZES  THE  MODEL  1 
PRODUCES  A  DEFLECTION  AND  STRESS  OUTPUT  FILE. 

THIS  CHAPTER  IS  THE  HOST  ’DATED*  OF  ANY  OF  THE 
PARTS  OF  THIS  BOOK  FOR  THE  SIMPLE  REASON  THAT  IT 
DESCRIBES  MAYS  TO  USE  PARTS  OF  THE  COC  OPERATING  SYSTEM 
AT  OTNSRDC.  OUR  OPERATING  SYSTEM  (NOS/BE  1»  IS  UPGRADED 
AT  IRREGULAR  INTERVALS  MITH  'IMPROVEMENTS*  MHICH  CHANGE 
CURRENT  PRACTICE  ONLY  INCREMENTALLY,  THE  CUMULATIVE 
PROCESS  IS  NON-LINEAR  AND  SIGNIFICANT  $  MHAT  MORKS  TODAY 
MAY  NOT  (REAOt  PROBABLY  NOT)  MORK  A  YEAR  FROM  NOM.  IF 
THIS  INDEED  OCCURS,  CONTACT  OTNSRDC  CODE  1892 
{COMPUTATION,  MATHEMATICS  AND  LOGISTICS  DEPARTMENT# 
USERS*  SERVICES) . 

IN  RE  the  FIGURES  ASSOCIATED  MITH  THIS  CHAPTER# 
NOTE  THAT  INPUT  AND  OUTPUT  FILES  FROM  VARIOUS  PROGRAMS 
ARE  PRESENTED,  DUE  TO  LIMITATIONS  OF  THE  PRINTER  USED 
TO  PRODUCE  THIS  DOCUMENT,  ONLY  THE  FIRST  132  COLUMNS  OF 
THESE  FILES  ARE  DISPLAYED. 


3.2  MATHEMATICAL  MODEL 


3.2.1  PHYSICAL  DATA 


ME  CHOOSE  TO  MODEL  A  RIGHT  CIRCULAR  CYLINDER  OF 
RADIUS  61.625  INCHES  AND  THICKNESS  0.6  INCH.  THE 
CYLINDER  IS  STIFFENED  MITH  T-FRAMES  OF  DIMENSIONS  SHOMN 
IN  FIGURE  3.1.  THE  FRAMES  ARE  LOCATED  AT#  THE  HALF 
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A  SINPLE  EXAMPLE 
HATHEMATICAL  MODEL 


LENGTH  OF  THE  CTLINOER,  AMO  AT  INTERVALS  OF  11,0  INCHES 
IN  BOTH  DIRECTION  THEREFROH,  THE  CYLIMDER  IS  MADE  OF 
STEEL  CYOUNG'S  MODULUS  *  3E07  PSIt  POISSON'S 
RATIO  s  9,3),  TOTAL  LENGTH  OF  THE  CYLINDER  IS  69,0 
INCHES,  THE  CYLINDER  IS  EXPECTED  TO  DEFORM 
AXISYHMETRICALLY,  AND  SYMMETRICALLY  ABOUT  ITS  HALF 
LENGTH. 


3.2.2  MODELING  CONSIDERATIONS 


ME  CAN  MOOEL  HALF  THE  STRUCTURAL  LENGTH  DUE  TO 
SYMMETRY  AT  THE  HALF  LENGTH,  ME  EXPECT  AXISYMMETRIC 
BEHAVIOR,  SO  ME  CAN  MOOEL  1  QUADRANT  OF  THE  SHELL  MITH  A 
SINGLE  CURVED  SHELL  QUADRILATERAL  ELEMENT,  THIS  ALLOMS 
EASY  APPLICATION  OF  BOUNDARY  CONDITIONS,  END  LOADING 
MILL  BE  MODELED  BY  THE  APPLICATION  OF  TMO  POINT  LOADS. 
ME  ARBITRARILY  CHOOSE  TO  MOOEL  THE  STRUCTURE  MITH  2 
SUBSTRUCTURES  (THERE  MUST  BE  AT  LEAST  2  SUBSTRUCTURES. 
AND  EACH  SUBSTRUCTURE  MUST  HAVE  AT  LEAST  I  INTERNAL 
NOOEI  . 

A  SKETCH  OF  THE  MOOEL  IS  SHOMN  IN  FIGURE  3,2, 
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A  SIMPLE  EXAMPLE 
INPUT  TO  'HABS' 


3.3  INPUT  TO  'NABS* 


3.3.1  SHELL  ELEMENT  COORDINATES 


ME  small  GENERATE  THE  COORDINATES  FOR  EACH 
SUBSTRUCTURE  SEPARATELY. 

AN  EASY  MAY  TO  GENERATE  COORDINATES  IS 
INTERACriYELY  lIT  IS  ASSUMED  HERE  THAT  YOU  HAVE  AN 
ACTIVE  INTERCOM  ACCOUNT  ON  THE  OTNSROC  COMPUTER 
SYSTEMS!.  PROCEED  THRU  THE  LOGIN  PROCEDURE  AS  OUTLINED 
IN  €CCRN>I 

1.  TURN  THE  TERMINAL  ON.  SETTING  THE  APPROPRIATE 
SNITCHES  FOR  THE  TERMINAL  YOU  ARE  USING. 

2.  DIAL  THE  COMPUTER  NUMBER  APPROPRIATE  TO  THE 
SPEED  OF  THE  TELEPHONE  LINE  YOU  ARE  USING. 

3.  HHEN  COMMUNICATIONS  HAVE  BEEN  ESTABLISHED.  THE 
COMPUTER  HILL  RESPOND  MITH  A  GREETING  WHICH 
APPEARS  LIKE* 

NSROC  6X00  INTERCOM  V  X.Y 
DATE  HM/OO/YY 
TINE  HH.MM.SS 

YOU  THEN  TYPE* 

LOGIN. YOURIO<CR> 

XXXXXXXXXX<CR>  ENTER  ACCESS  NUMBER 

HERE  HE  EMPLOY  *<CR>*  TO  INDICATE  A  CARRIAGE 
RETURN.  YOU  NEED  TYPE  ONLY  THOSE  LINES  WHICH 
END  WITH  •<CR>M  ALL  OTHERS  ARE  PRINTED  BY  THE 
SYSTEM. 

WHEN  THIS  HAS  SEEN  CORRECTLY  COMPLETED.  THE 
INTERCOM  PROMPT  IS  DISPLAYED* 

CON1ANO- 
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A  SINPLE  EXAMPLE 

INPUT  T3  *HA9S«  -  SNELL  ELEMENT  COORDINATES 


HE  ASSUME  FROM  THIS  POINT  IN  THE  CHAPTERt  THAT  YOU  HILL 
REPLY  TO  THE  INTERCOM  SYSTEM  ONLY  AT  THE  POINTS 
IMMEDIATELY  FOLLOHING  THE  INTERCOM  PROMPT  •COMMAND-*, 
THUS,  FOR  EXAMPLE,  IN  THE  COMNUMIC ATIONt 

COMMAND-  SHELLX,<CR> 

END  SHELLX 

•192  CP  SECONDS  EXECUTION 
COMMANO- 

THE  ONLY  CHARACTERS  TYPEO  BY  YOU  ARE  'S*,  *H»,  'E*,  'L*, 
•L*,  'X*,  AND  <CR>,  ALL  OTHER  CHARACTERS  ARE  INTERCOM 
RESPONSES. 

HE  HANT  TO  GENERATE  THE  COORDINATES  USING  THE 
PROGRAM  'SHELLX*  8V  USING  THE  FAST  TEXT  EDITING  PROGRAM 
•NETEO*  CNETED>.  SO, 

COMMAND-  ATTACH, NETEO<CR> 

PFM  IS  NETEO 
PF  CYLE  NO,  =  001 
COMMANO- 

NOH  THAT  NETEO  IS  AVAILABLE,  HE  CAN  BEGIN. 

COMMAND-  NETEO,A<CR>  (»  STARTS  NETED  *1 
--CERL-BKY-NETED  X.Y 
A  EMPTY,  INPUT, 

I> 

NOTEI 

•  TEXT  ENCLOSED  IN  *1**  AND  *•!*  ARE  BRIEF  COMMENTS 
ON  THE  ACTION  TYPEO  ON  THAT  LINE. 

.  HHEN  YOU  ARE  EDITING,  NETEO  PROVIDES  ONE  OF  THO 
PROMPTSI  *I>*  TO  INDICATE  THAT  AN  INPUT  LINE  IS 
EXPECTED,  AND  *E>*  TO  INDICATE  THAT  AN  EDITING 
COMMAND  IS  EXPECTED,  IN  A  MANNER  SIMILAR  TO 
EXECUTION  OF  COMMANDS  IN  INTERCOM,  YOU  ARE  NOT 
EXPECTED  TO  TYPE  EITHER  OF  THESE  PROMPTS  YOURSELFI 
THEY  ARE  INCLUDED  TO  ILLUSTRATE  SYSTEM  BEHAVIOR. 

ME  PROCEED  TO  ENTER  EACH  LIME  OF  INPUT  FOR  THE  PROGRAM 
*SHELLX*I 

I*  CVLIMOER<CR> 

I»  1  0  0  61.625<CR> 

I>  2  90<CR> 
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A  SIMPLE  EXAMPLE 

INPUT  TO  *UABS*  -  SHELL  ELEMENT  COORDINATES 


X»  3  0  6*<CR> 

I>  ^  90«CR> 

I»  5  0  17.<CR> 

I>  b  90<CR> 

I>  .<CR> 

E> 

THE  SOLITARY  DOT  f*)  ON  THE  LAST  LINE  SIGNALS  'NETED* 
TO  LEAVE  the  INPUT  MODE  AND  ENTER  THE  EDIT  MODE*  SINCE 
THE  DATA  APPEAR  CORRECT,  ME  SAVE  THE  FILE  BYl 

E>  SAVE«CR> 

A  WRITTEN  I*  NETEO  RESPONSE  *> 

CONMAND- 

H£  ARE  MON  OUT  OF  NETEO  AMO  BACK  INTO  INTERCOM,  WE  WANT 
TO  GET  THE  PROGRAM  'SHELLX*  TO  OPERATE  ON  THE  INPUT  FILE 
<A>.  THIS  IS  DONE  MITHI 

COMMAND-  ATTACH, SHELLX, IOsCSPR<CR> 

PFM  IS  SHEUX 
Pf  CYCLE  NO.  *  000 
COMMAND- 

NOW,  ME  HAVE  2  PROGRAMS  TO  WORK  MITHt  «NETEO*  AND 
'SHELLX*,  TO  EXECUTE  SHELLX,  WE  TYPEl 

COMMAND-  SHELLX<CR> 

END  SHELLX 

.192  CP  SECONDS  EXECUTION  TIME 

COMMANO- 

TO  SHOW  MHAT  FILES  EXIST  AT  OUR  TERMINAL,  ME  DO  I 

COMMAND-  FILES<CR> 

--LOCAL  FILES  — 

•METED  •SHELLX  A  B  OUTPUT 

COMMANO- 

HE  NOW  HAVE  SEVERAL  OPTIONS! 

1.  OUTPUT  CAN  BE  SCANNED  AT  THE  TERMINAL  USING 
'NETEO'  OR  'PAGE'  {PAGE>,  OR,  IT  CAN  BE  SIMPLY 
COPIED  TO  THE  TERMINAL  USING  ONE  OF  THE  SYSTEM 
COPY  UTILITIES  f'COPYE'  IS  PROBABLY  THE 
FASTESTI,  ALTERNATIVELY,  IT  CAN  BE  ROUTED  TO  A 
PRINTER  CCCRMl.  HE  OPT  FOR  THIS,  AND  SHOW  THE 
OUTPUT  PRODUCED  BY  THE  XEROX  PRINTER  AT  OTNSROC 
IN  FIGURE  3.3. 


17 


A  SIMPLE  EXAMPLE 

INPUT  T3  'MASS*  -  SHELL  ELEMENT  COORDINATES 


2.  FILE  <B>  CAN  BE  ROUTED  TO  A  PUNCH,  AND  CAROS 
MADE  OF  THIS  FILE.  HOWEVER.  IT  IS  EASIER  TO 
STORE  <B>  AS  A  PERMANENT  FILE  FOR  ACCESS  LATER, 
WHEN  ME  MILL  MERGE  IT  WITH  OTHER  INPUT  DATA, 
THIS  IS  DONE  BYt 

COMMAND-  CATALOG,B,ASEXyZSUBl,lD=YOUR<CR> 

INITIAL  CATALOG 
RP  =  030  DAYS 

CT  10=  YOUR  PFN=ASEXYZSUB1 

CT  CY=  001  00000003  PRUS  $0000,01  /DAY 

COMMANO- 

NOM  ME  NEED  THE  COORDINATES  FOR  SUBSTRUCTURE  2. 
THIS  MAY  BE  EASILY  ACCOMPLISHED  BY  MODIFYING  THE  EXTANT 
FILE  «A>  SUCH  THAT  THE  Z  COORDINATES  APPLY  TO  THE  SECOND 
SUBSTRUCTURE,  THIS  CONVERSATION  PROCEEDS  AS  FOLLOWS t 

COMMAND-  UNLOAD, B<CR>  C*  REMOVE  OLD  <B> 

COMMAND-  NETEOtA, 

--CERL-9KY-NETE0  X,V 
EDIT. 

E»  L  1<CR>  I*  LOCATE  THE  FIRST  •!*  *» 

100  61.625  f*  NETEO  ECHO  »» 

E»  R  1  0  17,0  61.625<CR>  I*  REPLACE  THAT  LINE  *» 

E>  L  6,<CR>  C»  LOCATE  *6, »  •» 

3  0  6. 

E»  C  /6,/28,/<CR>  C*  CHANGE  '6, »  »l 

3  8  2S. 

E>  C  /17/39/$<CR>  «*  ALL  'IT*  TO  »39*  ♦» 

5  0  39. 

♦BOTTOM  OF  FILE> 

E>  SAVE<CR> 

A  WRITTEN 
CONMANO- 

NOM  WE  ARE  BACK  INTO  INTERCOM  READY  TO  RUN  *SHELLX« 
AGAIN  WITHt 

COMMAND-  SHELLX<CR> 

END  SHELLX 

.191  CP  SECONDS  EXECUTION  TIME 
COMMAND- 

ME  CATALOG  THIS  FILE  <B>  AS  *ASEXYZSUB2 * . 
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A  SIMPLE  EXAMPLE 

INPUT  T3  *MA8S»  -  BEAM  ELEMENT  COORDINATES 


3.3.2  SEAN  ELEMENT  COORDINATES 


IN  A  SIMILAR  MANNER*  ME  GENERATE  THE  INPUT  FILE  TO 
•BEANX*  USING  NETEO*  AMD  EXECUTE  BEAMX  FROM  THE 
TERMINAL.  ME  CATALOG  THE  DATA  FILES  FROM  BEAMX  AS 
•ASEBEANXVZSJBl*  AND  * ASE8EAMXtZSUB2* .  FIGURE  3.4  SHOMS 
THE  INPUT  TO  'BEAMX*  FOR  SUBSTRUCTURE  1*  AND  FIGURE  3.5 
SHOWS  THE  OUTPUT  FOR  THIS  SUBSTRUCTURE.  THE  FILES  FOR 
SUBSTRUCTURE  2  ARE  SIMILAR.  AMO  ARE  NOT  SHOMM  MERE. 


3.3.3  OTHER  DATA 


ALL  OF  THE  OTHER  DATA  REQUIRED  FOR  *MA8S*  CAN  BE 
ASSEMBLED  FROM  THE  TERMINAL  BV  MERELY  TYPING  IN  THE 
REQUIRED  CHARACTERS.  LET'S  ASSUME  ME  HAVE  ALL  THE  OTHER 
DATA  ON  A  FILE  CALLED  <OTHER>,  AND  ME  HAVE  MARKED  THE 
PLACES  WHERE  THE  SHELL  AND  BEAM  COORDINATES  ARE  TO  BE 
INSERTED  MITH  LINES  AS  FOLLOMSf 

I 

• 

COORDINATES 

20 

•XYZ20SU81 

COORDINATES 

13 

1XYZ13SUB1 

• 

f 

COORDINATES 

20 

»XYZ20SUB2 

COORDINATES 

13 

lXrZ13SJB2 

I 

t 

NOW  WE  NEED  THE  FILES  OF  COORDINATES  WE  MADE  EARLIER. 
SO. 
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A  SIMPLE  EXAMPLE 

INPUT  T3  'MABS*  -  OTHER  DATA 


COMMAND-  ATTACH 9X20 it ASEXTZSUBl* 10- YOUR<CR> 

PF  CYCLE  NO.  X  001 

COMMAND-  ATTACH* X202tASEXrZSUB2tIO«YOUR<CR> 

PF  CYCLE  NO.  3  001 

COMMAND-  ATTACH* X131*ASEXYZBEAHSUB1*ID«YDUR<CR> 
PF  CYCLE  NO.  »  001 

COMMAND-  ATTACH* X132*ASEXVZBEAHSU32*ID<Y0JR<CR> 
PF  CYCLE  NO.  3  001 
COMMAND-  NETEO*OTHER<CR> 

— CERL-BKY  NETED  X.Y 


EDIT. 

E>  F  • 

(• 

♦XYZ20SUB1 

(• 

E>  0 

(• 

E>  M  X201 

(• 

X281  MERGED. 

E>  F 

(• 

»XYZ20SUB2 

E>  0 

(• 

E>  N  X202 

(• 

XZgZ  MERGED. 

E>  T 

(» 

TOP  OF  FILE> 

E>  F  i 

(* 

AKYZ13SUB1 

E»  0 

(» 

E>  N  X131 

(» 

XlSl  MERGED. 

E>  F 

AXYZ13SUB2 

E>  0 

f  « 

E>  M  X132 

X132  MERGED. 

E>  SAVE  DATA 

DATA  MRITTEN. 

COMMAND- 

ME  HAVE  A  COMPLETE 

SET 

C*  FIND  THE  NEXT  •» 


NOH  ME  HAVE  A  COMPLETE  SET  OF  DATA  READY  FOR  *HABS* 
MHICH  ME  MANT  TO  PRESERVE  ON  A  PERMANENT  FILE  SOHEHHERE 
SO  ME  CAN  CHANGE  IT  LATER  fIF  NECESSARYI *  OR  SO  ME  CAN 
INCLUDE  IT  IN  A  REPORT  (LIKE  THIS  ONE)*  OR  SO  ME  CAN  USE 
IT  MITHOUT  HAVING  TO  READ  THE  FILE  LATER  FROM  CARDS 
(SAVES  TREES  AND  AVOIDS  MALFUNCTIONING  CARORE ADERS) *  OR 
SO  ME  DON'T  LOSE  THE  FILE  IF  THE  COMPUTER  SHOULD  DIE  (A 
RARE  OCCURRENCE*  BUT  A  POSSIBILITY). 
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A  SIMPLE  EXAMPLE 

INPUT  T3  ‘HABS*  -  OTHER  OATA 


ME  CATALOG  THIS  FILE  AS  'ASEMABSINPUT* .  FIGURE  3.6 

SHOWS  This  file. 


3.4  MASS  EXECUTION 


MASS  MAS  OESIGNEO  TO  EXECUTE  IN  A  SMALL  AMOUNT  OF 
CENTRAL  STORAGE  SO  THAT  IT  COULD  BE  RUN  BOTH 
INTERACTIVELY  ANO  BATCHLY.  THE  INTERACTIVE  ENVIRONMENT 
IS  MORE  INTENSE.  IN  THAT  THE  RESPONSE  IS  FAST  ENOUGH  TO 
EXECUTE  A  PROGRAM  MHILE  THE  CHARACTERISTICS  OF  THE 

things  you  are  working  with  are  fresh  in  your  mind,  it 

IS  PROBABLY  IMPOSSIBLE  TO  SHOW  THIS  ENVIRONMENT  ON  A 
PRINTED  PAGE,  SINCE  THE  TIME  DIMENSION  IS  COMPLETELY 
LACKING.  HOMEVER.  THE  USE  OF  INTERACTIVE  TOOLS  TO 
EXAMINE  FILES  (SEE  CPAGE>  AND  CNETED>>  ARE  SO  POWERFUL 
THAT  IT  IS  WORTH  SPENDING  SOME  TIME  TRYING  TO  GIVE  THE 
FLAVOR  OF  THE  OPERATION.  NOTE  THAT  INTERACTIVE  USE 
COMPLETELY  ELIMINATES  WAITING  IN  CIUEUES  FOR  OTHER 
PEOPLES  JOBS  TO  BE  READ  IN  OR  PRINTED.  FIRST,  LET  US 
SET  UP  A  BATCH  JOB  TO  EXECUTE  MABS,  AND  THEN  EXAMINE  THE 
EQUIVALENT  INTERACTIVE  JOBfSI. 


3.4.1  BATCH  EXECUTION 


1.  THE  USUAL  BATCH  ENVIRONMENT  USES  PUNCHED  CAROS. 
HENCE,  HE  PROCEED  TO  THE  KEYPUNCH  (WHERE  THERE 
MIGHT  BE  A  QUEUE)  AND  PUNCH  THE  FOLLOWING 
CONTROL  CAROSI 

JOBNAME.CMeiOOO. 

CHARGE,YOUR,60BBLYGOOK. 

ATTACH,OATA,ASEMABSINPUT,IO=YOUR. 

REQUEST, NEHIN,*PF, 

ATT ACH .WABS , IO=CSPR. 

MABS. 

CATALOG,NEWIN,ASENEMIN,IOxYOUR. 

2.  ME  TAKE  OUR  CAROS  TO  A  CARO  READ  STATION  ANO 
READ  IN  OUR  CONTROL  CAROS  (POSSIBLE  QUEUE  ANO 
POSSIBLE  CARO  READER  DESTRUCTION  OF  THE  INPUT 
DECK) . 

3.  THE  JOB  IS  NOW  EXECUTING.  HERE  THERE  IS  THE 
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A  SIMPLE  EXAMPLE 
HABS  EXECUTI9N  -  BATCH 


POSSIBILITY  OF  A  HISPUNCHEO  COMTROL  CARO 
ABORTING  THE  JOB*  WITH  THE  CONSEQUENT 
RE-ENTERING  OF  THE  CARO  PUNCH  QUEUE  TO  REPAIR 
the  faulty  CARO*  AND  A  RETURN  TO  THE  CARD  READ 
STATION  TO  RE-REAO  THE  DECK. 

<»•  MHEM  THE  JOB  HAS  EXECUTED*  IT  IS  SENT  TO  THE 
LOCAL  PRINTER.  DEPENDING  ON  THE  TRAFFIC  ON  THE 
TERMINAL.  the  JOB  HAY  HAVE  TO  WAIT  UNTIL  OTHER 
JOBS  HAVE  COMPLETED  PRINTING. 


5.  THE  PRINTED  OUTPUT  IS  THEN  EXAMINED  FOR  ERRORS. 
any  errors  must  be  CORRECTED  AND  THE  CYCLE 
BEGUN  AGAIN. 

IT  SHOULD  BE  OBVIOUS  THAT  THERE  ARE  DEAD  TIME 
SPACES  IN  BATCH  EXECUTION  OF  A  JOB. 


3.4.2  INTERACTIVE  EXECUTION 


THE  INTERACTIVE  EXECUTION  OF  NABS  IS  USUALLY  QUITE 
FAST.  THE  CONTROL  CAROS  SHOWN  ABOVE  IN  THE  BATCH 
EXECUTION  ARE  EXECUTED  FROM  A  TERMINAL.  ANY  ERRORS  IN 
INPUT  ARE  CORRECTED  IMMEDIATELY?  THERE  IS  NO  WAITING  FOR 
OTHER  USERS  OF  THE  SYSTEM  TO  GET  OUT  OF  YOUR  WAY.  HERE 
WE  SHOW  AN  EXAMPLE  OF  THE  INTERACTIVE  EXECUTION  OF  NABS 
ON  THE  DATA  FILE  JUST  PREPARED! 

COMMAND  -  ATTACH*WABS*ID-CSPR<CR> 
pfn  is  WABS 

PF  CYCLE  NO.  =  016 

COMMAND-  ATTACH «D ATA* ASEWABS INPUT* IDs YOUR<CR> 

PF  CYCLE  NO.  s  001 
COMMAND-  REQUEST *NE WIN. •PF<CR> 

COMMAND-  W8AS*OATA<CR>  C*  OOPSI  »» 

NO  SUCH  PROGRAM  CALL  NAME  -  NBAS 
COMMAND-  WABS*DATA<CR> 

END  WARTHOG 

7.9T5  CP  SECONDS  EXECUTION  TIME 

COMMANO- 

*WARTH0G*  IS  THE  NAME  OF  THE  MAIN  PROGRAM  IN  NABS. 

NOW  THE  OUTPUT  FILE  CAN  BE  EXAMINED  WITH  NETEO  OR 

page;  perhaps  the  best  item  for  which  to  search  in  these 
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A  SIMPLE  EXAMPLE 

MASS  EXECUTION  -  INTERACTIVE 


FILES  IS  THE  STRING  'ERRORS  TO  THIS  POINT*.  THIS  HILL 
HELP  TO  LOCATE  THE  INPUT  ERRORS  TO  EACH  SUBSTRUCTURE. 

THE  FILES  NON  AVAILABLE  TO  US  CAN  BE  SEEN  BVI 

CONNANO*  FILES<CR> 

--LOCAL  FILES— 

►NETED  •HABS  BEAH  HSOATA  OUTPUT 

NEHIN  «OATA 
CONNANO- 

THE  FILES  <BEAM>  AND  <HSOATA>  ARE  FILES  USED  INTERNALLY 
BY  MA3SI  HENCE.  YOU  SHOULD  NOT  USE  FILES  MITH  THESE 
NAMES  YOURSELF.  <BEAM>  CONTAINS  THE  ELEMENT  13  CROSS 
SECTION  DEFINITIONS,  ANO  <MSOATA>  IS  THE  MASS  STORAGE 
RANDOM  ACCESS  DATA  FILE. 

FIGURE  3.7  IS  A  COPY  OF  THE  OUTPUT  FILE  OF  MABS, 
ANO  FIGURE  3.8  IS  A  COPY  OF  THE  FILE  <MEMIN>. 

HHEM  HE  FIND  THAT  THERE  ARE  NO  ERRORS  REPORTED  BY 
HABS.  ME  CAN  BE  FAIRLY  CERTAIN  THAT  THE  BOOKKEEPING  FOR 
THE  MATHEMATICAL  MODEL  IS  CORRECT,  ANO  HE  MAY  THEN 
CATALOG  THE  <NEHIN>  FILE  FOR  LATER  BATCH  RUNNING  OF 
SUBSTRC, 
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A  SINPLc  EKAHPLE 
SUBSTRC  EXECUTION 


3.5  SU8STRC  EXECUTION 


SU9STRC  IS  TOO  LARGE  TO  EXECUTE  INTERACTIVELT  AT 
OTNSROC  BECAUSE  THE  OPERATING  SYSTEH  POLICY  LIHITS  THE 
INTERACTIVE  EXECUTION  OF  PROGRAMS  TO  61000  OCTAL  WORDS. 
HENCE  SJBSTRC,  WHICH  REQUIRES  A  MINIMUM  OF  170000  OCTAL 
WORDS*  1UST  BE  EXECUTED  IN  A  BATCH  MODE.  HOWEVER*  THE 
CONTROL  CAROS  TO  EXECUTE  THE  PROGRAM  MAY  BE  MADE 
INTERACTIVELY.  AND  THE  CONTROL  CARO  IMAGES  ROUTED  TO  THE 
INPUT  QUEUE  FROM  YOUR  TERMINAL.  TO  WIT  I 

COMMANO*  NETEO,CC<CR» 

--CERL-8KY  NETEO  X.Y 
INPUT. 

I*  .<CR>  I*  into  EDIT  MODE  •» 

E>  •<CR»  (♦  TURN  PROMPT  OFF  *» 

.<CR>  C*  INTO  INPUT  MODE  *» 

YOURJOB*CM265000.T100*P2.<CR> 

CHARGE«TOUR*GOBBLYGOOK.<CR> 

ATTACH.SUBSTRC, IO=CSPR. <CR> 
ATrACH«NEWIN*ASENEWlN*IOsYOUR.<CR> 

SU3STRC«<CR> 

.<CR> 

EDIT. 

SAVE<CR» 

CC  WRITTEN. 

COMMAND-  CATALOG, CC*ASECC*IO=YOUR.<CR> 

INITIAL  CATALOG 
RP  =  030  DAYS 
CT  10=  YOUR  PFN=ASECC 
CT  CY=  001  00000001  PRUS  SGOOO.OO  /DAY 

COMMAND-  ROUTE* CC*DC=IN*TIO.<CR> 

YOURJXX.t  ENTERED  INPUT  QUEUE  P2 
COMMAND- 

NOW  WE  WAIT  FOR  THE  SYSTEM  TO  ALLOCATE  APPROPRIATE 
RESOURCES  TO  THE  JOB  FOR  EXECUTION. 

FIGURE  3.9  IS  A  COPY  OF  THE  FILE  PRODUCED  BY  A  JOB 
SIMILAR  TO  THIS. 
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*  SIMPLE  example 

FIGURE  3.3  -  ‘SHELLX*  OUTPUT 
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«  SIHPLE  EXAMPLE 
FIGURE  3.4  -  'BEAMX* 


2 

1  2 

7  8 

57.955 

6.0 

0,0  90.G 

1  2 

9  10 

57.955 
17.0 

O.Q  90.6 


IMPUT  I 

i 
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GENERATION  3F  THE  COORDINATES  REQUIRED  FOR  2  BEANS  (ELEHENT  1S» 


a 

o  tfi 

to 
o  o 


O 

o 


o  *0 


a  o 


a  o 
o  o 
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5T.9550  O.OOBI  IT.OOBO  O.OOSI  1.1000  O.COOO  1.0000  0.0000  0.0000  0.0000  .0123  0.0000  O.OOOC 

.0000  57.9550  17.0000  -1.0000  .0000  O.COOO  .0000  l.OOCO  0.0000  -.0173  .0000  0.0000  91.0355 


A  SIMPLE  EXAMPLE 
PIGUHE  3.6  •  *MABS*  INPUT 


RING  STIFFENED  CYLINDER  -  90  DEGREE  SEGMENT 
MODELED  with  ELEMENTS  13  AND  20-2  SUBSTRUCTURES 
END  LOAD  SIMULATED  BY  2  POINT  LOADS 

SYMMETRY  PLANES  ATi  X-Z  PLANE*  Y-Z  PLANE,  AMD  Z  =  39.0 

LIBRARY 

ELEMENTS 

13  20 

TYING  TYPES 

19  2 

SUBSTRUCTURE  1 
BOUNDARY  CONDITIONS 
0.0  1  2  1  6 
0.0  2  0  3 

3  5 

2  6 
O.Q  2  0  3 

4  6 
13  5 

0.0  1  6  3  8 
CONCENTRATED  LOADS 
1000000  0.149E6 
0  0 

2000000  0.149E6 
0  0 

CONNECTIYITV 

20 

112  4  3 

2  3  4  6  5 

connectivity 

13 

3  Z  8 

4  9  10 
COORDINATES 

20 


1  0.00000  0.00000  61.62500  O.OOOOC 

O.OCOOO  C. 00000  0.00001  1.00000 

0.00000 

0.00000 

1.00000 

2  96.80032  O.OOGOO  -.03000  -1.00000 

0.00000  0.00000  0.00000  1.00000 

0.00000 

61.62500 

-.03000 

3  0.00000  6.00000  61.62500  0.00000 

0.00000  6.00000  0.00001  1.00000 

0.00000 

0.00000 

1. 00000 

4  96.80032  6.00000  -.80000  -1.00000 

0.00000  6.00000  0.00080  1.08000 

0.00000 

61.62500 

-.00000 

5  0.00000  17.00C00  61.62500  0.00000 

0.00000  IZ. 00800  0.00000  1.00000 

0.00000 

0.00000 

1.00000 

6  96.60032  17.00000  -.80000  -1.80000 

0.80000  17.00000  0.00008  1.00000 

COORDINATES 

13 

7  57.95500  0.00000  6.00000  1.80000 

0.00000 

61.62500 

-.00000 

l.OOOOC 

0.00000 

1.00000 
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A  SIHPLE  EKAHPLE 

FIGURE  3.6  -  'HASS*  INPUT  iCONT'DI 


0.00000  C. 00000  0.00000  .01725  0.00000  0.00000 

8  .00000  57.95500  6.00000  >1.00000  .00000  0.00000 

l.OCOOO  0.00000  -.01725  .00000  0.00000  91.03550 

9  57.95500  O.OOCOO  17.00000  0.00000  1.00000  0.00000 


0.00000  C. 00000  0.00000 

10  .00000  57.95500  17. 

1.00000  0.00000  -.01725 

OISTRIBUTEO  LOADS 
100.0  2 
1  2 

EDGE  NODES 
5  6 

GEOHETRT 
0.6 
1  2 

0  1.0  0 

3  . 

PROPERTY 

3E7  0.3  100000. 

1  4 
TIES 
19 

7  3  i» 

0  4  3 

9  5  6 

10  6  5 

END  SUBSTRUCTURE  1 
SUBSTRUCTURE  2 
BOUNDARY  CONDITIONS 
0.0  303 
13  5 

2  4  6 


.01725  0.00000  0.00000 

COO  -1.00000  .00000  0.00000 

.00000  0.00000  91.03550 


0.0  3  0  3 
2  4  6 
13  5 

0.0  1688 
0.0  5  5  6 
2  3  4  6  7  8 
0.0  6  6  6 

1  3  5  6  7  8 
CONNECTIVITY 
20 

112  4  3 

2  3  4  6  5 
CONNECTIVITY 
13 

3  7  8 

4  9  10 
COORDINATES 


.  00000 
l.DOOCO 
.  0  0000 
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A  SIMPLE  EXAMPLE 

FIGURE  3,6  -  *NA8S*  INPUT  CCONT*OI 


20 


1  0.00000  17.00000  61.62500  O.OOOOQ 

O.OOOOC 

0.00000 

1.00000 

O.OOOOC  I7c00000  0.00001  1.00000 

2  96.00032  17.00000  ••00000  •1.00000 

0.00000  17.00000  0.00000  1.06000 

O.OOOOC 

61.62500 

•.0000? 

3  0.00000  28.00000  61.62500  0.00000 

0.00000 

0.00000 

1.  00000 

0.00000  28.00000  0.10000  1.00000 

4  96.80032  28.00000  ••OJOOO  •1.10000 

0.00000  28.00000  0.00000  1.00003 

0.00000 

61.62500 

-.00000 

5  0.00000  39.00000  61.62500  0.00000 

0.00000  39.00000  0.00000  1.00008 

0.00000 

0.00000 

1.  0  00  00 

6  96.80032  39.00000  •;0a000  •1.00000 

0.00000  39.00000  0.00000  1.00000 

COORDINATES 

13 

7  57.955C0  0.00000  28.00000  8.00000 

0.00000 

61.62500 

•.00000 

1.00000 

0.00000 

1.00000 

0.00000  0.00000  0.00000  .01725  0. 

00000  0. 

00000 

8  .00000  57.95500  20.03000  •1.08000 

.00000 

0.00000 

.00000 

1.00000  0.00000  ••01725  .00800  0. 

00000  91. 

03550 

9  57.955C0  0.00000  39.00000  8.00000 

1.00000 

0.00080 

l.OOODO 

0.00000  C. 00000  0.00000  .01725  0. 

00000  0. 

00000 

10  .300CG  57.95500  39.00000  •1.00000 

.00000 

0.00000 

.00003 

1.00000  0.00000  •.01725  .00000  0. 

00000  91. 

03550 

0ISTRI8UTE0  LOADS 
iOOtO  2 
1  2 

EDGE  NODES 
1  2 

GEOMETRY 

0.6 

1  2 

0  1.0  0 

3  3 

0  2. 

4  4 

PROPERTY 

3ET  0.3  100000. 

1  4 
TIES 
19 

7  3  4 
6  w  3 

9  5  6 

10  6  5 

END  SUBSTRUCTURE  2 
INTERSU8STRUCTURE  CONECTlVITY 
READ 

2 

12  1 
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A  SIMPLE  EXAMPLE 

FIGURE  3.6  -  'MABS*  INPUT  iCONT'OI 


5  6 
2  2  1 
1  2 

END  ISC 

SOLUTION  DIRECTIVES 
GOERRORS 

END  SOLUTION  DIRECTIVES 
ANALYSIS  DIRECTIVES 
ALL  POINTS 
LARGE  DISPLACEMENT 
END  ANAL 

BEAM  CROSS  SECTION  DESCRIPTIONS 

1  FULL  SECTION 
3  12  6  10 

Q.J.  1.33  0  -1.0  0  -1.33  0  -1.0 
2.66  .58 
0  1.  0  0  0  1. 

1.33  0 

1.0  0  3.37  Q  1.  • 

3.37  .33 

2  HALF-SECTION 
2  6  10 

0  1.33  0-1000-1 
1.33  .58 

1.  0  3,37  0  l.G  0 
3.37  .16$ 

END  BEAM 
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- -  CONCENTRATED  LOADS 

CN  REQOIREOI  ZZai  (OCAZSIDI 

1  0  C  3  C  0  C  a.ll»9E6 


2  CONCENTRATES  LOADS  PROCtSSEO 


CM  REQUtREOI  3201  (00621181 


A  simple  example 

FIGURE  J.r  -  'MABS*  output  (CONT'OI 
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TIES  PROCESSED 


*  SINPLE  E«*NPLE 

FIGURE  S.7  -  'MABS*  9UTPUT  <CONT*Ol 


«  SIMPLE  EXAMPLE 

FXfiURE  S.r  -  'MABS*  OUTPUT  ICONI'OI 
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A  SINPLE  example 
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A  SIMPLE  EXAMPLE 
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SUBSTRUCTURES 


»  EKilHPLE 

FIGURE  3.9  -  'SUBST5C*  OUTHUT  «CONT*OI 


DATA  F39  SUBST«u:TU«E  MO  I 


NJflEL.NJMNP.NUHBC.HAXBM.NBCTRA.ITIE.iaNRUlSST) 
AlOJC  8  0  It  0 

MP-iMA* 

2 

1 


GEMtPATEO  ELEM  DATA 


NElTYP,  MTYPE, MNDPTE. ICROUT.TSMALL.  IEXP,  I9HS 
2  0  k  1  0  0  0 

TYPE  IS  1  MlTP  2  M03ES  AN023  STRAINS  AMO  1  DIRECT  0  SMEAR  STRESS.  ISMELL*  1 

ROM  C0R9ESP0N0ENCE  FOR  EXPANOEO  MATRIX 

232  1115535I.0C0000  222  281553540100  211  1015 
INTEL  INTIN  ISNTE  INTPRE 

5  5  3  5 

ROMS  MITM  second  ORDER  OISPLAtENENT  TERMS 

6  0  0  0  0  0 

TYPE  IS  2  NITM  4  NODES  AN033  STRAINS  AND  2  DIRECT  1  SMEAR  STRESS.  ISMELL*  1 

ROM  CORRESPONDENCE  FOR  EAP4M0E0  MATRIX 

C  0  3  3  0222714  966  6111111  ODOOOOOOOOOOOODOOOOOO 
INTEL  INTIN  ISNTE  INTPRE 

9  9  5  9 

ROMS  MITM  SEOONO  ORDER  OISPLAOENENT  TERMS 


6 

iCURV 

6  11 

rCTRNS 

0 

laxA 

8  0 

TOaXA  IDEV 

NBCTRA 

NUPTRA 

lUPOAT  NESMR  LOOCOR 

0 

1 

0 

0 

0 

0 

0  0  5 

boundary  c 

NO. OF  CAROS  FOR  9.C.=  30 

FSTNO.LASTNO.FST  oeg.lst  oeg.spec.oisp, 

1  1  1  10. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.OISP. 

1  1  2  20. 
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A  SIMPLE  EXAMPLE 

FIGURE  3,9  -  *SUBSTRC*  OUTPUT  (C0NT*0) 


FSTNOfLASTNOtFST  OEG.LST  DEC, SPEC, DISP. 
1  1  3  3  0. 

FSTNO,LASTND*FST  OEG.LST  DEG, SPEC. OISP. 

1  1  >*  4  0. 

FSTNO.LASTNO.FST  OEG.LST  DEG, SPEC. OISP. 

1  1  5  5  0. 

FSTNO,LASTNO,FST  OEG.LST  OEG, SPEC. OISP. 
1  1  6  60. 

FSTNO,LASTNO,FST  OEG.LST  OEG, SPEC.  OISP. 
1  1  6  80. 

FSTNO.LASTNO.FST  OEG.LST  OEG, SPEC. OISP. 

2  2  1  10. 

FSrNO,LASTNO,FST  OEG.LST  OEG, SPEC. DISP, 

2  2  2  20, 

FSTNO.LASTNO.FST  OEG.LST  OEG, SPEC. OISP, 
2  2  3  38. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC, OISP. 
2  2  ^  40. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.DISP. 
2  2  5  50. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC. OISP. 

22660. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.DISP. 

2  2  a  6  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.DISP. 

3  3  2  20. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.DISP, 
3  3  4  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.DISP. 
3  3  6  6  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.DISP. 
3  3  8  6  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG.SPEC.DISP. 
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k  SIMPLE  EXAMPLE 

FIGURE  3*9  -  •SUBSTRC*  OUTPUT  ICONT®OI 


4  4  1  II. 

FSTNO.LASTMO«FST  OEG.LST  OE 6« SPEC. OISP. 
4  4  3  3  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG, SPEC. OISP. 
4  4  5  5  Q, 

FSTNQ.LASTNO.FST  OEG.LST  OEG. SPEC.DISP. 

4  4  8  SO. 

FSTNO«LASTNO«FSr  OEG.LST  OEG. SPEC. OISP. 

5  5  2  20. 

FSTNO.LASTNO.FST  OEG.LST  OEG. SPEC. OISP. 
5  5  <*  4  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG. SPEC. OISP. 
5  5  6  60. 

FSTNO.LASTNO.FST  OEG.LST  OEG. SPEC.DISP. 

5  5  8  8  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG, SPEC. OISP, 

6  6  1  10. 

FSTNO.LASTNO.FST  OEG.LST  OEG, SPEC. OISP. 
6  6  3  3  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG. SPEC. OISP, 
6  6  E  50. 


FSTNO.LASTNO.FST  OEG.LST  OEG. SPEC. OISP. 


6 

6 

8 

8 

0. 

30 
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OF 

FREEOOM  FIXEO 

NO 

NO 
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NO 
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A  SIMPLE 

EXAMPLE 

FIGURE  3. 

9  -  ‘SUBSTRC* 

OUTPUT 

tCONT 

• 

0> 

25  5 

6  G. 

26 

5 

8 

0. 

27  6 

1  0. 

28 

6 

3 

3. 

29  6 

5  0. 

30 

6 

8 

3. 

TRACTIONS 

2  NODAL 

LOADS  LISTED 

BELOW 

1  0. 

0. 

0. 

0. 

.149E*06  0. 

0. 

2  0. 

0. 

0. 

G. 

.149E^06  0. 

0. 

CONNECTIVI 

NUMELI.  '1ESHR1 
4  5 

NUMEl.  TYPE  NOOE  NUMBERS  ANTICLOCKWISE 

1  20  t  2  4  3 

2  23  3  4  6  5 

3  13  7  8  0  0 

^13  9  1C  0  0 

CONTROL 

MINC,NINST2,NINSTI*  NCYCM,  IRHS , lUPD A T , NUPTR A ,  IQPT 

1  I  7  3  0  3  ”  C  I 

FRCrOL  FACINIT  FlAMR  TOLER  XFAC 

2.00300  .lOCOO  .COjIO  .COCIO  1.35333 

COORDINATE 

NCR01=  13  NUMNP1=  lu  MESW'Jlr  5 
NPNUM  COORDS 

1  C.GC003  0.  000  3  3  bl. 625,0  3.0  0  0CO  3.C00CC  C.  00  0.i0 

i.oocoo  o.coco:  :.c03G0  c.cjcoo  1.30330  o.coco: 

. .00309 

2  96.e:032  0.  0C.O  3  0  0  .OJ.3O  -1.030CC  O.OOOC;  61.  62530 

J.33C03  0.3303:  C.CO,CO  L.C3O00  1.30330  C.lOCOO 

; .300  03 

3  O.CuCO:  S. 00003  &1.62T3C  3.00003  3. 0  3  300  C. 000  CO 

1.00.03  0..009,  E.COjOO  w.o*,  uw3  l.^Ov^O  C.^OCcj 

i.OOC  00 

4  96.8C032  S.OCOCO  O.OOOCO  -1.03333  9.03300  61.62530 

C.OOOOC  0.C330C  6.C0J00  o.OGtCO  1.C0339  0.00CC3 

-.ooroo 

5  3.GOOOC  17.C00C0  61.625 .0  0.03330  O.OOuCQ  3. 00030 

l.COCOO  0.G030C  17.30C00  G.C3GC3  l.GOCjO  C.LOG.O 


A  SIMPLE  example 

FIGURE  3.9  -  'SUBSTRC*  OUTPUT  (CONT'O) 


0.00000 

6  96.00032  17.00000  0.00000  •l.OBOOO  0.00000  61.62500 

0.00000  0.00000  17.00080  C.OOOOO  1.00000  O.GOOOO 

0.00000 

7  57.95500  0.00000  6.00i]00  0.00  000  1.00000  0.  00000 

I. 00000  0.00000  0.00000  0.00000  .01725  O.C0009 

J.  000 00 

B  0.00000  57.95500  6.00J00  -1.00000  0.00000  0.00000 

C.OOOOO  1.00000  C.OOOOO  -.01725  C.OOOOO  0.00000 

91.03550 

9  57.95500  0.00000  17.00000  0.00000  1.00000  0.00000 

1.00000  0.00000  0.00800  0.00000  .01725  O.COOOQ 

C.OOOOO 

10  0.00000  57.95500  17.00000  -1.00000  0.00000  0.00000 

C.OOOOO  l.COOOO  0.00000  -.01725  0.00000  O.COOOC 

91.03550 

TRACTIONS 

1  ELENS  HITH  0ISTRI8.  LOA3  OF  MAGNITUDE  .  1000000E«^C3  AND  TYPE  2 

1 

1  ELEMS  NITH  0ISTRI8.  LOAD  OF  MAGNITUDE  .lfl00000E*03  AND  TYPE  2 

2 


0  NODAL  LOADS  LISTED  BELOM 
geometry 


NO  OF  DISTINCT  ELEN 

.  GEOMS  = 

EGEOMl 

EGEON2 

EGE0M3 

SINCTP 

STAPE 

.600E*00 

0. 

0. 

0. 

8. 

ELEM  GEOM 

FOR  ELEM 

1  TO 

1 

EGEOMl 

EGE0M2 

EGE0M3 

SINCTP 

STAPE 

.600E»00 

0. 

0. 

0. 

0. 

ELEN  GEOM 

FOR  ELEM 

2  TO 

2 

EGEOMl 

EGE0M2 

EGE0N3 

SINCTP 

STAPE 

0. 

•lOOE^Ol 

0. 

0. 

a. 

ELEN  GEOM 

FOR  ELEM 

3  TO 

3 

EGEOMl 

E6E0M2 

EGEOM3 

SINCTP 

STAPE 

0. 

.ICOE^Ol 

0, 

0. 

0. 

ELEM  GEOM 

FOR  ELEM 

4  TO 

PROPERTY 

NO  OF  DISTINCT  ELEN 

PROPS 

6 

YOUNGS  MOO 

1.  .POISSON 

R..OENSITV.  ALPHA. 

TOT. TEMP.,  YIELP.,  YIELP2 

.JOOE^aS 

•  3C  OEt^OO 

0. 

0. 

0 •  •  1 0  0  E ^06  0  • 

ELEM  PROPS  FROM  ELEM  1  TO  1 

YOUNGS  MOO. .POISSON  R..OENSITY.  ALPHA, TDT. TEMP. ,  YIELP,,  YIELP2 
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A  SIMPLE  EXAMPLE 

FIGURE  3.9  -  'SUBSTRC*  OUTPUT  ICONT'OI 


.300E»08  .SOOEf^OO  0.  0.  0.  .100E«0&  0. 

EL£H  PROPS  FROM  £LEH  2  TO  2 

YOUNGS  MOO. .POISSON  R. .DENSITY.  ALPHA, TOT. TEMP. .  YIELP.,  YIELP2 
.300E^0S  .3Q0E»0a  0.  0.  0*  .lO&E^Co  0. 

ELlM  PROPS  FROM  ELEM  3  TO  3 

YOUNGS  MOD., POISSON  R,, DENSITY,  ALPHA, TOT. TEMP. ,  YIELP,,  YIELP2 
.300E»08  .3CCE*00  0.  0.  3.  .10CE»08  0. 

ELEM  PROPS  FROM  ELEM  4  TO  4 

TYING 

NO.  TIED  NODES  U 


TIE  TYPE, NO. retained  MOOES 


19  2 

TIE  NO  1  TYPE 

19 

TIED 

NODE 

7 

NO. RET, NODES 

2 

RETAINED  NODES 

3 

4 

TIE  NO  2  TYPE 

19 

TIED 

NODE 

8 

NO. RET. NODES 

2 

RETAINED  NODES 

4 

3 

TIE  NO  3  TYPE 

19 

TIED 

NODE 

9 

NO. RET. NODES 

2 

RETAINED  NODES 

5 

6 

TIE  NO  4  TYPE 

19 

TIEO 

NODE 

13 

NO. RET. NODES 

2 

RETAINED  NODES 

6 

5 

ENO  OPTION 

CPU  INI  1.352,  CPU  OUTI  2.591*  CPU  TOTAL!  1.239  OAREAO 

2  BOUNDARY  NODES  8  INTERIOR  NODES 


LIST  OF 

BOUNDARY  NODES 

5 

6 

/RANDF2/ 

MUST  BE  .GE. 

64 

CPU  INI 

3.043,  CPU 

OUTI 

3.320, 

CPU 

TOTALI 

.277 

OPRESS 

CPU  INI 

3.334,  CPU 

OUTI 

8.844, 

CPU 

TOTALI 

5.510 

OASEHB 
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A  SIMPLE  EXAMPLE 

FIGURE  3.9  -  ‘SUBSTRC*  OUTRUT  (CONT'DI 


NEW  ITIX 

15  3  4 

^  6  4  3 


3  7  9 

4  8  10 

10 

9 

TYING  BEAM  NODE  5 

OFFSETl  -3.67000 

TO 

SHELL 

NODE 

3 

TYING  seam  node  6 

OFFSETl  -3.67000 

TO 

SHELL 

NOOE 

4 

TYING  BEAM  NODE  7 

OFFSETl  -3.67000 

TO 

SHELL 

NODE 

9 

TYING  beam  NODE  8 

OFFSETl  -3.67000 

TO 

SHELL 

NOOE 

10 

C.P.  TIME  AT  BEGINNING  OF  NRITAR  9.812 
MALL  CLOCK  17.34.11. 

C.P.  TIME  AT  END  10,076 
MALL  CLOCK  17.34.12. 


B.P.TIME  AT  START  OF  TRI ANGULARISATION  10.113 


LNtOETERMINANTIa  .269E»05  SINGULARITY  RATIO  .242E«’C0 


CPU  INI 


8.859* 


CPU  OUTI 


C.P. TIME  AT  END 
11.894*  CPU 


OF  TRIANGULARISATION  10.602 
TOTAL!  3.035  OSOLVl 


DATA  FOR  SUBSTRUCTURE  NO  2 


NUMEL*NUNNP*NUMaC*MAXBM.N8CTRA«ITIE*IENRlf ISST) 
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A  SIMPLE  EXAMPLE 

FIGURE  3*9  -  'SUBSTRC*  OUTPUT  (CONT'OI 


4  10  28  10  ■  ■»  0 

MPRMAX 

2 

1 


GENERATED  ELEM  DATA 


NELTYP,  MTrPE,HMDPTE,ICROUT,ISMALL,  lEXP,  IRHS 
2  S  A  1  0  0  0 

TYPE  IS  1  MITH  2  NODES  AN023  STRAINS  AND  1  DIRECT  0  SHEAR  STRESS*  ISHELL^  1 

ROM  CORRESPONDENCE  FOR  EXPANDED  MATRIX 

232  111553540C000a  222  2015535ACOOO  211  1015 
INTEL  INTIN  ISNTE  INTPRE 

5  5  3  5 

ROMS  MITH  SECOND  ORDER  DISPLACEMENT  TERMS 

6  0  C  0  0  0 

TYPE  IS  2  MITH  4  NODES  AND33  STRAINS  AND  2  DIRECT  1  SHEAR  STRESS*  ISHELL*  1 

ROM  CORRESPONDENCE  FOR  EXPANDED  MATRIX 

0633  02^2714  966  6111111  000000000000000000000 
INTEL  INTIN  ISNTE  INTPRE 

9  9  5  9 

ROMS  MITH  SECOND  ORDER  DISPLACEMENT  TERMS 
6  6  11  0  0  0 

ICURV  ICTRNS  ISXA  I03XA  lOEV  N8CTRA  NUPTRA  lUPOAT  MESHR  LOOCOR 

0100030052 


BOUNDARY  C 

NO. OF  CAROS  FOR  B.C.> 

FSTND.LASTNDvFST  OEGtLST 

11220. 

FSTND.LASTND.FST  OEG.LST 

1  1  4  4  0. 

FSTNO«LASTNO*FST  OEG*LST 

1  1  6  60. 

FSTNO.LASTND.FST  DEG.LST 

1  1  8  8  0. 


28 

DEG* SPEC. DISP. 

DEG, SPEC. OISP* 

0E6.SPEC.0ISP. 
DEG* SPEC. OISP. 
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A  SINPLE  EXANPLE 

FIGURE  3#9  -  *SUBSTRC*  OUTPUT  fCONT«0» 


FSTMO»LASTNO*FST  DE6«LST  0E6# SPEC, DISP. 
2  2  I  10. 

FSTNO.LASTMO.FST  DEG.LST  OEG, SPEC. OISP. 
2  2  3  3  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG, SPEC.OISP. 

2  2  5  5  0. 

FSTNO.LASTMO.FST  OEG.LST  OEG. SPEC.OISP. 
2  2  6  80. 

FSTMO.LASTNO.FST  OEG.LST  OEG. SPEC. OISP. 

3  3  2  2  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG, SPEC. OISP. 
3  3  4  4  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG, SPEC. OISP. 
3  3  6  6  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG. SPEC.OISP. 

3  3  A  80. 

FSTMO.LASTNO.FST  DEG.LST  OEG, SPEC. OISP. 

4  4  1  10. 

FSTMO.LASTNO.FST  DEG.LST  OEG.SPEC.OISP. 
4  4  3  30. 

FSTNO.LASTNO.FC’'  ^EC.LST  OcG.  SPEC,  OISP. 
4  4  5  5  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG.SPEC.OISP. 

4  4  8  8  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG.SPEC.OISP. 

5  5  2  20. 

FSTMO.LASTNO.FST  OEG.LST  OEG.SPEC.OISP. 
5  5  3  3  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG. SPEC. OISP. 
5  5  4  4  0. 

FSTMO.LASTNO.FST  OEG.LST  OEG.SPEC.OISP. 
5  5  6  6  0. 
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A  SINPLE  EXANPLE 

FIGURE  3.9  -  *SUBSTRC*  OUTPUT  CCONT*0» 


FSTNOvLASTNOvFSr  OEG.LST  0C6« SPEC.OISP* 

5  5  7  7  0. 

FSTNO«LASTNOtFST  OEG.LST  DEG* SPEC. OISP. 

5  5  8  8  0. 

FSTNO.LASTND.FST  OEG.LST  OEG»SPEC. DISP. 

6  6  1  10. 

FSTND«LASTNO«FST  OEG.LST  OEG, SPEC.DISP. 

6  6  3  3  1. 

FSTNO«LASTNO«FSr  OEG.LST  OEG. SPEC. OISP. 

6  6  5  5  0. 

FSTNO.LASTNO.FST  OEG.LST  OEG. SPEC. OISP. 

6  6  6  6  0. 

FSTNO.LASTNO.FSr  OEG.LST  OEG. SPEC. OISP. 

6  6  7  7  0. 

FSTNO.LASTNO.FSr  OEG.LST  OEG. SPEC. OISP. 

6  6  8  8  0. 

28  DEG.  OF  FREEDOM  FIXED 

NO  NO  NO  OEG  FIX  OISP.NO  MO.NO  DEG  FIXED  OISP 


1 

1 

2 

0. 

2 

1 

4 

0 

3 

1 

6 

0. 

4 

1 

8 

0 

5 

2 

1 

0. 

6 

2 

3 

0 

7 

2 

5 

0. 

8 

2 

8 

0 

9 

3 

2 

0. 

10 

3 

4 

0 

11 

3 

6 

0. 

12 

3 

8 

0 

13 

k 

1 

0. 

14 

4 

3 

0 

15 

4 

5 

0. 

16 

4 

8 

0 

17 

5 

2 

0. 

18 

5 

3 

0 

19 

5 

k 

0. 

20 

5 

6 

0 

21 

5 

7 

0. 

22 

5 

8 

0 

23 

6 

1 

0. 

24 

6 

3 

0 

25 

6 

5 

0. 

26 

6 

6 

0 

27 

6 

7 

0. 

28 

6 

8 

0 

CONNECTITI 

NUHELl.NESHRl 

k  5 

NUHEL  TYPE  NODE  NUMBERS  ANTICLOCKWISE 

1  20  1  2  <»  3 

2  20  3  U  6  5 
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A  SIHPLE  tX AMPLE 

FIGURE  3.9  -  *SUBSTRC*  OUTPUT  CCONT*0> 


3  13  7  8  8  0 

4  13  9  10  0  0 

COORDINATE 

NCROI*  13  NUNNPl*  10  HESMRl*  5 
NPNUH  COORDS 

1  0.01000  17.00000  61.62500  0*00000  0.00000  O.OOOCO 

1.00000  0.00000  17.08000  0*00008  1*00000  0.00000 

u. 00000  ^  ^ 

2  96.80032  17.00000  0.80000  ^l. 00800  0.00000  61.62500 

0.00000  0.00000  17.00000  0.00000  1.00000  O.COOOO 

0.00000 

3  0.00000  28.00000  61.62500  0.08000  0.00000  0.00000 

1.00000  0.00000  28.00000  0.00000  1.00000  0.00003 

0.00000 

4  96.80032  28.00000  0.80000  -1.00800  0.00000  61.62500 

0.00000  0.00080  28.08000  0.00008  1.00000  0.00000 

5  0.00000  39.00000  61*62500  0*00800  0.00000  0.00000 

1.00000  0.00000  39.00000  0.00080  1.00000  0.00000 

6  96.80032  39.00000  O.OOCOO  -1.09000  0.00000  61.62500 

O.OOOOQ  0.00000  39.00000  0.00080  l.DOOOO  0.00000 

O.OOCOO  _ _ 

7  57.95500  O.OOOGO  28.0OG00  0*08000  1.00000  0.00000 

1.00000  0.00000  0.08000  0.00000  .01725  0.00000 

0.00000  .  . 

8  0.00000  57.95500  28.00000  -1*08000  0.00000  0.00000 

O.OOOOO  1.00000  0.00000  -.01725  0.00000  0.00000 

91.03550 

9  57.95500  8.00000  39*80000  0*08000  1.00000  0.00000 

1.00000  0.00000  O.OOOOO  0.00000  *01725  0.00008 

Q.OOOOO 

10  8.80000  57.95500  39.00000  -1*08800  0.00000  0.00000 

0.00000  1.00000  0*08000  -.01725  0*08000  0*00003 

91.03550 

TRACTIONS 

1  ELENS  WITH  DISTRIB.  LOAD  OF  MAGNITUDE  .1000000E*03  AND  TYPE  2 
1 

1  ELENS  NITM  DISTRIB*  LOAD  OF  MAGNITUDE  .1000000E*03  AND  TYPE  2 
2 

0  NODAL  LOADS  LISTED  BELOM 
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A  SIMPLE  EXAMPLE 

FIGURE  3*9  -  *SUBSTRC*  OUTPUT  fCONT*OI 


GEOMETRY 

NO  OF  DISTINCT  ELEN.  GEONS  -  4 

EGEOMl  E6E0N2  EGEOH3  SINCTP  STAPE 

•  600E«^00  0«  Q.  0,  g, 

ELEN  GEOM  FOR  ELEN  1  TO  1 

EGEOMl  EGEOH2  EGE0H3  SINCTP  STAPE 

•  600E4-00  0«  0.  0,  0* 

ELEM  GEOM  FOR  ELEM  2  TO  2 

EGEOMl  EGE0M2  EGE0N3  SINCTP  STAPE 

0*  •lOOE^Ol  0.  0.  0. 

ELEM  GEOM  FOR  ELEM  3  TO  3 

EGEOMl  EGE0M2  EGE0N3  SINCTP  STAPE 

0«  •200E«-01  0.  0.  0. 


ELEN  GEOM  FOR  ELEN  4  TO 
PROPERTY 

NO  OF  DISTINCT  ELEN  PROP*  k 
YOUNGS  MOO. .POISSON  R..OENSITf. 

•  300E>08  .300E4^00  0.  0 

ELEN  PROPS  FROM  ELEN  1  TO 
YOUNGS  MOD. .POISSON  R. .OENSITT. 

•  3QQE>03  .  300E«-00  0.  0. 

ELEM  PROPS  FROM  ELEN  2  TO 
YOUNGS  MOD.. POISSON  R. .DENSITY. 

•300E»08  .SOOE^OO  0.  0. 

ELEM  PROPS  FROM  ELEN  3  TO 
YOUNGS  MOD.. POISSON  R. .DENSITY. 

•  300E>08  •SCOEi'OO  0.  0. 

ELEN  PROPS  FROM  ELEN  4  TO 

TYING 

NO.  TIED  NODES  4 

TIE  TYPE, NO. RETAINED  NODES 
19  2 

TIE  NO  1  TYPE  19  TIED  MODE  7 
RETAINED  NODES  3  4 

TIE  MO  2  TYPE  19  TIED  MODE  8 
RETAINED  NODES  4  3 

TIE  NO  3  TYPE  19  TIED  MODE  9 
RETAINED  NODES  5  6 

TIE  NO  4  TYPE  19  TIED  MODE  10 
RETAINED  NODES  6  5 


ALPHA. TOT. TEMP..  YIELP,.  YIELP2 
0.  •100E«>06  0. 

1 

ALPHA. TOT. TEMP..  YIELP,.  YIELP2 

a*  .looE^os  0. 

2 

ALPHA. TOT. TEMP,.  YIELP,.  YIELP2 
B*  .lOOEPOG  D. 

3 

ALPHA.TOT.TEMP.,  YIELP,.  YIELP2 

0.  .100E«>06  0. 

4 


NO. RET, NODES  2 


NO.RET. NODES  2 


NO. RET. MOOES  2 


NO.RET. NODES  2 
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A  SIHPLE  EKAHPLE 

FI6URE  3.9  -  *SU8STRC*  0UT9UT  (CONT'OI 


END  OPTION 

CPU  INI  11.931*  CPU  OUTt  12.892*  CPU  TOTALl  .951  OAREAD 


2  BOUNDARY  NODES  6  INTERIOR  NODES 


LIST  OF  BOUNDARY  NODES 
1  2 


CPU  INI  13.319*  CPU  OUTI  13.6ia*  CPU  TOTALl  .281  OPRESS 


CPU  INI  13.616*  CPU  OUTI  19.047*  CPU  TOTALl  5.431  OASEMB 


NEN  ITIX 

15  12 

2  6  2  1 

3  7  3  4 

4  8  4  3 

TYING  BEAN  NODE  5  TO  SNELL  NODE  1 

OFFSETI  -3.67008 

TYING  BEAN  NODE  6  TO  SHELL  NODE  2 

OFFSETI  -3.67008 

TYING  BEAN  NODE  7  TO  SHELL  NODE  3 

OFFSETI  -3.67008 

TYING  BEAN  NODE  8  TO  SHELL  NODE  4 

OFFSETI  -3.67008 


C.P.  TINE  AT  BEGINNING  OF  MRITAR  23*018 
MALL  CLOCK  17.34.34. 

C.P.  TIME  AT  END  20.275 
MALL  CLOCK  17.34.35. 
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A  SIMPLE  EXAMPLE 

FIGURE  3.9  -  'SUBSTRC*  OUTPUT  <CONT«0» 


S.P.riHE  AT  START  OF  TRI ANGULARISATION  20.301 


LNIOETERMINANTIa  .3a6C»03  SINGULARITY  RATIO  .233E>00 


O.P.TIHE  AT  END  OF  TRI ANGULARISATION  21.419 
CPU  INI  19.06T.  CPU  OUTI  23.445*  CPU  TOTAL!  4.378  OSOLVl 


LAST  WRITE  TAPES 
2  8 

NO  OF  SKIP  READS  FOR  EACH  SUBST 

8  8 


CONNECTIONS  BETWEEN  SUBSTRUCTURES 
2  2 

START  OF  STRUCTURE  CONNECTIONS 
NO  OF  CONNECTIONS. START  OF  NON  ZERO  CONN. 
2  1 

NO  OF  CONNECTIONS* START  OF  NOR  ZERO  CONN* 
2  1 


C.P.  TIME  AT  BEGINNING  OF  WRITAR  23.553 
WALL  CLOCK  17.34.43. 

C.P.  TINE  AT  END  23.614 
WALL  CLOCK  17. 34. <>^4. 


O.P.TINE  AT  START  OF  TRI ANGULARISATION  23.617 


LNfOETERNINANTIs  .193E*03 

t.P.TIHE  AT 


SINGULARITY  RATIO  .433E«00 

END  OF  TRIANGULARISATION  23.669 


DISPLACEMENTS  BOUNDARY  NODES 

-.126E-01  0.  -.650E-04  0.  -.214E-03  0.  .211E-C2  0.  -.952E-04 
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A  SIHPLE  EXAMPLE 

FIGURE  3.9  -  ‘SUBSTRC*  OUTPUT  (CONT'OI 


0,  .21VE-03  0.  -.126E-01  8.  *.650E-0!»  .211E-02  0.  -.952E-0l» 

CPU  INI  23.<»69.  CPU  OUTI  23.692.  CPU  TOTALI  .223  OCONTB 


RESULTS  FOR  SUBSTRUCTURE  NO  1 


2  0  0 


TYING  BEAM  NODE  10  TO  SHELL  NODE  6 

OFFSETl  -3.67001 

TYING  BEAM  NODE  9  TO  SHELL  NODE  5 

OFFSET!  -3.67000 

TYING  BEAM  NODE  8  TO  SHELL  NODE  A 

OFFSETl  -3.67000 

TYING  BEAM  NODE  7  TO  SHELL  NODE  3 

OFFSETl  -3.67008 

CPU  INI  23.933.  CPU  OUTi  24.086.  CPU  TOTALt  .153  0S0LV3 


RESULTS  AFTER  ITERATION  1  OF  3 
ESTIMATED  OTSPLACEMEMT I  .4869002910E-02 

CALCULATED  OISPLACEMENTI  . «»01»9002910E-02 

PERCENT  DIFFERENCE  (FACR*100ll  0. 

PREVIOUS  DIFFERENCE!  10.000 

CPU  INI  24.105.  CPU  OUTI  29.000.  CPU  TOTALl  4.895  OGETST 


RESULTS  FOR  SUBSTRUCTURE  NO  2 


2  0  0 
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ELEHEMT  POINT  INCRENENT*..  STRAIN  COMPONENTS 

NUMBER  NUMBER  NO.l  NO.Z  N3.3  NO.N 


.ooOoeooeooo 


W  M  M  l4l  IM  W  W  W  *»f  *«*  *if 
fR)rO«d<r«f\JU><Dv4^K.OK>  AOtO^J9  /  «^tfVWKf09^U\ 
o<M  »>X)(rv4fOt09orou% 


KOK) 

c3^J.f«Atf«•4nlA«or^U^ 


oooooacjooooo  oooooooooeoo 

t^wwujuiujujuiuiwyjui  vf ««« »«/  ty  *«,*  tif  lif  u*  uj  **1* 
«e^u\^^K.amtAOsir\a  «<A.»4)(r«Hfw^t.O'3v4r<j 

u>>^<Nja(rroeo4A0omo'  uN9^^M>oiAtAK0moK 

4An^Nb|w..#«4«>UNOMfO 


oooeoeoooeeo 

I  ♦♦♦♦♦♦♦♦♦♦♦ 

UiWUJiUUiUlUlUihlUIUUJ 

ttvOi/t«i>^Kaf^«0(ru\o 


onoeoofaoooeo  oooOr^ooAoorto 

«♦♦♦♦♦«♦♦♦♦♦  9 

lit  UJ  III  Ul  III  III  Ul  lit  Ul  lit  U*  lU  Ul  lu  Ui  lu  Ul  t«|  tu  lU  Ul  bJ  lU  UJ 
Ktf>v0m«4Ot»)MB0'«4>K  irviA(VI«bRe««i#««41A*«4 

«4  n  itf  0^  U^  W  itf  O  tfl  U%  ^  ^  ff*  w4  ^  w4  w4  ^  w* 

4'0«HMhN«4«4(SiMli)mi»)  N^4’«tfi'HB4MNnn4 


^  ^  Jt  Jt 

oooeooooenoo 
I  ♦♦♦♦♦*♦♦♦♦♦ 

III  III  hi  Ul  14  UJ  hi  UJ  III  Ul  lU  lU 
Ktfti6'O«4emR0^«4^liN 


I  «  I  I  «  I  I  I  I 


I  •  •  I  •  I  I  I  • 


I  t  I  I  I  I  I  I  I 


^  9  hi  « 
O  0  or 
^  UJ  U  CA 


k-  3  1/9  or 
O  0«  !• 
B  hJ  ^  (0 

o. 


H 

O  Ui  o  ^ 


I  a  o  o  e  o  B  o 


k-  3  UJ  or 

O  0  k>  k* 
^  UJ  v> 


eBoBBBOBeBO  BOBOBeOeBOB 

UJUJUJUJUIUJUJUJUJUJUJ  UJUlhJUJUJUIUIUJUJUJliJ 

^BK^BM^CTrOBB  KBUkO^IVJkOBBtOB 

K«4BBIUMBB*4BB  kO«4B*Olf>k>N<r>«4tOB«4 

IO«4BB«4BBmfk.B«4  BIOBBBIABB«4BM 

(Ni«4kw«4»0^tAKB«4«4  kO«4|N.v4«OBil>lwB«4«4 


BBBBBBBOBBB  BBBBBBBBbBB 

♦  ♦♦♦♦♦♦♦♦♦♦ 

UJUlhJUJiAJUIUIUJUiUJUJ  UjUJUJUJUJUJUJUJUJUJUi 

KBkOOM^IVjkOBBtOB  «4BkiNBOMBCrNDBlA 

kO«4B*Olf>k>N<r>«4tOB«4  K«4BBKMBB«4BB 

BI0BBBIABB«4BM  m«4BBM«09imKB«4 

kO«4lN.«4«OBBIwB»4«4  (M«4^•.«4mBU^fN.B«4Ni4 


«4NnBBBfwBBBw4 
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61bOE-0«  -.IR06E-03  -.  ll»i.7E-#i.  -.7125E-06  .2l59£-03  .5336 


a  SIMPLE  EMANPLE 

FIGURE  3.9  -  'SU8STRC*  UUTPUT  (C0NT*9I 


oooooooeoeo  oeooeeoooeo  eoeeeoeoooo  eeeooooooe 

K 

eeoooeewcaeo  saeoiboo^vo*  «o»e«o«io»»»  90«oooo«o* 

♦♦♦♦♦♦♦♦♦♦♦ 

UJUJUJUiliJUJUJUiUJUlUJ  UJUJIitUJUJUJUiUfUlUAm  UJUJUitiJUJUJUiUJUJUJUl  UiUJUJUJUJUJUIUIUJUJ 

irkU%«4f>krg.^«4*o«>«0***  a<r«4tO^(Mm^i».«4w>  ifatf\«4fiktvi.»^«p)«iAK 

.A>4)C)e^«F)«0m(^tf\  «>0O.^OOf«>«4.#.^ 

sVOtAOM^e^OKia^  •l)9l«\«w4Ma00«««^lW  C»P9iilom^C»»'>K»a^ 

foton.#.^.#t<NirkiiN«iOiA  «^>K«o«oaOifNirsu%.# 


««eaTC^tf^a0Pw««»M«4  «4MK).#tf\«0K«9«C>«4 
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*  sihpl;  exaiple 

PIGUi?E  1.9  -  'SUBSTP:*  output  «cont«di 


O' 

vO 


•t 

>0 


Ui 


I  I  I  I  I  I  I  I  I  •  I  I 

O0A09<r<^OOOO«4 

0Ooa0OO«4«4«4«4«* 

«4^4fg^JM(gfS|<^i^i^i^4^J 


I  ♦  ♦  ♦ 


w  uj  to>  ui  toi  uj  m  <i>  ti/  *1^ 

OG^UNOifioU'-'l-JO'^O^ 

0'<rO'aoH«4(M^i<MMro 

M^.#lAlA(AlAtfttAiAlAlA 


I  ♦  ♦ 


ItiteJUib'auliJUiUJUJUJi^W 

«^N.f»««0'OO«4«4N 


I  I  I  I  •  I  I  • 


UJUJUiUiUJUJWUJ 


I  I  I  I  I  I  I 


t  I  «  I  I  I  I  I  I  I  I  I 


I  •  I  I  I  I  I  I 


r  a  ^  ^  ^  ^ 


I 


♦  ♦ 


lUlWUJUJUiUUUWi^UJ 

9-l.^KO'«44«0«a^i••^U^ 

(Nje^rg(M«4c30«<r«4^ 


»n  . 
a  a  u  ( 

I 

UIUJWUJ4AiUJUJUi4AJUIUIUI 

«4f04UN4)K«0'0«4(VfO 

MKaf')>0O<M(AO'MK'i9 


oooeoooaoooo 

« 

W  il?  W  W  U)  UJ  UJ  ti/  *1^?  UJ  w  u^ 
tpof'j  44>«a(MU\K0'v4 
0'(Ml£e4ef*>^>9^i^9'4 
O^O'UNOiOWtONKCgC 
«4l^iD«OiA4IVllV.*^mMN 


K)  4  ^  >t  4  .t  4^  4 


I  ♦ 


UJUlUJUJt*JUJUJUi 

<r*4trtO'cg«0OK> 
ou^^iO'K  ^rs^O' 


I  «  I  I  •  I  <  <  1  I 


llitttllllll 


•  ••lllllllll 


I  I  I  I  *  I  I  I 


♦  ,1  »  -■♦  9  .t  •  «  «  »  ♦ 

oaoooaaaoooa 

UJ  UJ  til  tu  UJ  UJ  lu  Ul  (U  UJ  Ul  UJ 

•ipoaustsjO'KwTv^CiOm 
a^eK^«f^.4«4^4«4 
4  4  K)*On 


♦  ♦ 


I  a  o 
I  U>  ^ 

l  «  9-< 
I  ^  ^ 


tu  lU  Ul  lu  Ut  Ml  Ml  ItJ 
O'O'aaKKvOiO 
<M^OCr4»K»«0ll\ 
O«K.U><Wa«i0^ 
«fvu^tf'wrtl^4  4  «» 


I  ♦  ♦ 


UJ  UJ  UJ  Ui  UJ  Ml  lU  Ul  Ul  Ml  til  OJ 
l»o*ll.t^MOKi^Me^•U^ 
^UNOs0tg«l09‘IA«4«ieM 
^«lwin4’M«49»«KiA4^ 


I  ♦  ♦  ♦ 


♦  4  ♦ 


Ul  Ul  tU  Ul  UJ  lU  Ul  Ui 
U>»U'M9»4I^9U 
O'teoMmiisiu^ 
tftKKii>l/'4’m<V 


I  t  I  I  «  I  I  I  «  I  I  I 


•  t  I  I  I  I  I  I  I  I  I  I 


I  I  I  I  •  I  I  I  I  I  I  I 


I  I  I  I  I  I  I  I 


I  e  a  a  a  < 


>  o  o  o  o 


I  o  a  a  a  « 


loeooeooee 


o  o  o  a  o  I 


J  J  J  .J  4 


o  e  o  e  < 


I  o  o  e  D  a 

4  4  4  4  .1 


oooooooat 


4  4  4  1  4  4  4 


oaoooooo 

I 

44444444 


o  o  o  o  o  o  o 

I 

4  4  4  4  4  4  4 


♦  ♦  4  ♦ 


4  4 


♦  ♦  ♦ 


iM  UJ  III  UJ  tij  iij  UJ  lij  UJ  UJ  lit 
f^i(^*P>C»•4fUp4IO^J^f*4 

•4fu^iA4>(r^«i>rvi«4*p> 

0'«^..4>tr»44«4>P'5PO 


UJ  UJ  Ul  Ul  UJ  UJ  UJ  IJ  Ui  Ul  Ul 
4a(Mtn*otroiu 
«9040o<v)«4440 
f>jK.K)a4ai44}o«^» 
aKru  u>u)4iir»i/>ii>  44 


♦  ♦ 


♦  ♦ 


iu  Ui  UJ  Ml  Ui  Ul  Ui  UJ  UJ  Ul  1. 
oiTi9'^a^fu4^u>^ 
(T«0'««lfv9ii4»44t0*4« 
tf\(MBK4rsia«>iAtrio 


Ul  Ul  UJ  UJ  liJ  UJ  UJ 
^>.  (M  B  4  fM  UD  trt 
lA  ^k  (M  lu  m 

U>  4  m  *4  C9  «  »» 
«£  U>  xO  UO  tA  tA 


«4^Jm4t^a>lu«0'e«4 


«4Mlw>4l^«etu«9«e^ 


l4l^«0^o•0'a«4 


^  M  m  4  t/t  iA  K 


70 


a 

I 

UJ 


^  ^  ^ 

O  O  C3 


«  rsi  bk 
N.  o  rsj  ir\ 

(Si  m  m  m 
OJ  fSI  M  fvj 


UJUJUiWfUJUJUjUJUiUi^UJ 

v4N.N)«0 

AJ  ^  ^  ^  ^  ^  lA  lA  lA  l(S  tA 


^fA(0(»j*n«fo»o»o(omfo 

a000C300C3»0000 

• 

UlUlWt^t^UJlAlUJUIUIliUUI 
««4#AUS«0«0«-(rr>USi£)« 
USU)e^C\i4K.O^^K)llSK> 
tO  «4«4AlA<AjAiA«IA«AMIA 


t 


KoOooeoooO^O^cr 

^^«4«4^^«4«4«4CjeO 
I  I  I  •  I  I  I  I  I  I  I  I 

M  W  UJUWI^bJWUiUi 

/v4je-4jK.«<t^r\i(SiM 

mtAC^AiiAI^AiiAeoso 

rAi^iw«««<r(ys0Sp4«4,4 


0  v4  (A  lA  kO 
U>  kO  A  k3  (SJ 
«0  ••  A«  Ai 

^  ^  ^  * 


\t\  ^  \f\ 

A-  «4  ^  « 
kA  ^  *4  tt 

^  ^  m 


I  I  I  I  •  I  I  «  1  I  I  I 


^  -i  i  ^  .t  ^  -a  ^  ^ 
4joeoooe;3aac3w 

UiUJIA^UJtAUJiAUibJUIUI 
kAsaAj  rkO«OorMiAK<r«H 
^<\JkAow®nK«^U'0'4 
a^O'(Aatfs«HtO(SiK(Sj«o 
«4A.iAtOtAUSUS^>#mmAj 


ll«•llllll•l 


^  ^  ^  Jt  ^  ^  t  Jt  .t  ^  ^  ^ 
ci<_iaao<40ooi400 

I 

W  UJ  UJ  4A  W  (A  UJ  U  UJ  UJ  lA  UJ 
esO(n(rtA«4^^^<rus«>4rw 
<SIAiOfotAno«tfSfO«4« 

«(NjONtAPO«44D4>^OJOS 


I  I  I  •  I  I  I  I  I  I  I  I 


lAUJLAUJUJUJUiUiUJlAUlA 
erOK.*4lAa^K><AO  t«OM 
CSi(r(MkAO^N«A0«nkOa^K> 

•  off'Kirv^AioO^KiA^ 

(f^iOIAiJSlISlAlAllS^i#^^ 


»  -t  t  4  J 
O  o  o  u 
I  «  4-  ♦  ♦ 

M  lA  M  U  M 
«  4)  K>  0^  «A 
(SJ  OJ  e  A*  4A 
O  (SI  O  UN 
^  ^  >A  lA  US 


I  I  I  I 


I  (  I  I  I  •  «  I  I  •  •  I 


•  I  I  I  •  «  • 


t  • 


I  I  t  I  I  I 


I  I 


•  I  I  I 


i4i  III  III  III 

<o  US  <v  cr 

O  AJ  4  lA 
(Nj  «4  o  cr 
^  >A  >0  US 


•At  ♦  •  I  t.t.f.f  *.(4 

ooociOoooooao 

lU  III  III  Ilf  Oi  Oi  lii  UJ  lA  III  III  Ul 
CoKUS<S4oKuS<VoKUS 
9*USOkAAJ«m9ilA«4kAAJ 
4«NUS^<SJ«4(r«K.US  -f 
^^O^P>A«A^AkAUSU>USU^U^ 


t0.t444^tt  ••  »♦ 

oeiooooeiooaoci 
I  ♦♦♦♦♦♦♦♦♦♦♦ 
III  111  *«l  III  Ul  Ul  lO  Ul  Ul  lil  UJ  lu 
US(0A^s0(V«<AW|WIAO«0 
4^«t4.4U>CAM.4«40M 
«us4^^<^«<«4e(r(A« 
«4KKKKKA>KKkAiA«A 


oooookseokiooo 


J  III  III  Ul  bJ  Ul  I J  Ul  UJ  Ul  III  Ul 
>««(>fuM«A«4IAOtA0'^ 


PA  ♦  .t  .♦  t 
G»  O  O  O  O 
I  ♦  ♦  ♦  ♦ 

UJ  01  III  Ul  UP 

us  lA  9^  wO  rg 

>  lA  o  «4  ^ 
®  lA  4-  4  PA 
•4  K  K  K  Pw 


I 


loooaoooooi 


I  o  o  o  o  o 


I  o  o  D  e 


o  a  o  e 


O 

u 


o 

at 


Ul  (T 

111  lA 

-I 

O.  Ul 


4  4  4  4 


I  Ul  I 


I  Ul 


•A  A1  (T 
O  A>  I/S  PA 
«A  4  *A  (Si 
lA  US  US  US 

•  •  •  • 


1900000000 


UlUJUiUJUiUJUJUJUJuiUJ 

090S«40«4AJ4K.US^ 
Os(Ti«4iAOSkA4  4kA*4« 
USfSioK  4AieOU9USm 
N.K.KU>kA«AU>«AUSlAUS 


«4AiPA4lA4>K«<re«4 


looooeoooeo 


♦  ♦  ♦ 


♦  ♦ 


'll  UJ  UP  UJ  Ul  UJ  ul  UJ  Ul  UJ  Ul 
«U)A>AI«4»A-»4<SJ9^^fk> 
AJO0*».4USUStfSUSK.« 
e^A»\0(A4»A«Si«4a<V' 
N>^kAkO\OkOkAkAiAkAUS 


IOOOOOOCjOOO 


4  J  4  J  4  .1  I  fr  I  .1  .J 

oooooeooooo 

Ul  UJ  Ui  14  Ul  III  Ul  III  lU  III  Ul 
(r>4(SI^PAK-PAA|PAN.PA 
(Si  r\Aoo(Musc}«^4e 
(SJ«409i(r«K-U)«AUS4 


O  O  O  O 


a  o  o  o 

♦  ♦  ♦  4 

•  4  UJ  III  i4 
«  U>  A.  AJ 
Ai  O  «  fw 
O  (T‘  A»  «A 
A-  U>  U>  kO 


«4AI*A4USiAA»«(ro«« 


«4A|PA4USU)A-O<ro«4 


71 


»  SIMPLE  example 
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A  simple  EXAHPLE 
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A  SIMPLE  EKAMPLE 

FIGURE  3.9  -  'SUBSTRC*  OUTPUT  (CONT'D* 
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k  SIHPL-:  EKAHPlF 

FIGURE  3*9  -  'SUBSTPC*  OUTPUT  CCONT*3l 
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•  SIMPLE  EXAMPLE 

FIGURE  J.9  -  'SUBSIR:*  OUTPUT  ICONT'Qt 
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»  SIMPLE  example 

EICURE  3.t  -  'SUSSTRC  OUTPJT  (CONT'O) 
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»  SIMPLE  example 

FIGURE  J.9  -  ‘SUBSTRS*  OUTPUT  ICONT'OI 
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.0*0  TYPE  2  CURRENT  MAGNITUDE  .lB(atlfE*0] 


»  SIMPL;  EXAMPLE 

FIGURE  3.9  -  'SUaSTRC*  OUTPUT  (CONT'OI 


CURRENT  loads  ARE 


a.OCOO  times  DATA  LOADS 


END  OF  INCREMENT  J 


START  INCREMENT  L 


CONTINUE 


PRINT  EVERT  1  INCREMENTS 

CPU  INI  3S.47;,  CPU  OUTI  41.514,  CPU  TOTAL!  3.039  OSCINC 


-1  0 

MONITOR  SJMHART  -  DATE!  08/ir/T9  TIME!  17.35.18. 

MODULE  COUNT  CPU  SECS  PCT  PP  SECS  PCT  ID  SECS  PCT  CLOCK  PCT 


1 

MARC 

1 

.457 

1.12 

1.134 

2 

CONTRA 

2 

.931 

2.28 

4.378 

3 

OAREAD 

2 
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5.43 

1.953 

4 

OPRESS 

2 
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1.40 

.231 
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2 
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17. 33 
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RUN  ON  6400 
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A  SIMPLE  EXAMPLE 

FIGURE  3.9  -  *SUBSTRC*  OUTPUT  CCONT'OI 


lT.3%«i»2.  •••••  last  tapes  2  8 

1T.3%«42.MARC 


17.35.19. 
IT.35.19. 
17.35.19.0P 

17.35.19. MS 

17. 35.19.  CPA 
17.35.19.10 

17. 35.19.  AMC 
17. 35.19. SS 

17. 35.19.  PP 

17. 35.19.  EST 

17. 35.19.  £J 


STOP  -  NORMAL  TERMINATION 
VO. 865  CP  SECONDS  EXECUTION  TIME 
00013568  HOROS  -  FILE  OUTPUT  «  OC  VO 
1V336  NOROS  (  118272  MAX  USED) 

VI. 876  SEC. 

20.556  SEC. 

76639.022 

54.210  SEC. 

28.097  SEC.  DATE  08/17/79 
.  BASIC  CHARGE  t  6.92 

END  OF  JOB.  760 


f  PRINT  ) 
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CHAPTER  k 

•AOTOC* 

AOO  CTSPLACEMENTS 
TO  ORIGINAL  COOP.OINATES 
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*OTOC 

introduction 


4.1  INmOOUCTXON 


THE  AIM  IS  TO  PRODUCE  A  FILE  WHICH  CAN  BE  USED  TO 
display  a  displaced  STRUCTURE  ON  SOME  GRAPHICAL  DEVICE. 
HE  ARE  CURRENTLY  USING  THE  PROGRAM  'STAGING*  FOR  THIS 
PURPOSE  CSTAGINREF>, 

•AQTOC*  SCALES  THE  DISPLACEMENTS  PRODUCED  BY 
•SUBSTRC*  AND  ADDS  THESE  SCALED  DISPLACEMENTS  TO  THE 
ORIGINAL  COORDINATES.  SCALING  IS  OFTEN  NECESSARY  TO 
PRODUCE  VISIBLE  DEFORMATIONS  OF  A  STRUCTURE. 

•AOTOC*  IS  USED  IN  CONJUNCTION  WITH  THE  PROGRAM 
•STON',  WHICH  TRANSLATES  A  FILE  FROM  'SUBSTRUC* 
INTERMEDIATE  FILE  FORMAT  TO  THE  'NASTRAN*  BULK  DATA 
FORMAT. 


4.2  DEFAULTS  AND  LIMITATIONS 


THE  DEFAULT  MAGNITUDE  OF  'SCALE*.  WHICH  MULTIPLIES 
THE  DISPLACEMENTS  IS  50.  YOU  SHOULD  PROBABLY  TRY  TO  USE 
A  SCALE  FACTOR  WHICH  PRODUCES  A  MAXIMUM  DISPLACEMENT  OF 
10  PERCENT  OF  THE  LARGEST  DIMENSION  OF  THE  STRUCTURE 
(FOR  VISIBLILITY». 

THE  MAXIMUM  NUMBER  OF  NODES  IN  ANY  SUBSTRUCTURE 
WHICH  CAN  BE  ACCOMMODATED  BY  »ADTOC*  IS  512.  THE 
MAXIMUM  NUMBER  OF  SUBSTRUCTURES  IS  64.  THESE  MAY  BE 
INCREASED  BY  MODIFYING  THE  SOURCE  CODE. 


4.3  USING  THE  PROGRAM 


THE  FOLLOWING  CONTROL  CAROS  ARE  SUFFICIENT  TO 
EXECUTE  "ADTOC'l 


AT r ACH, AOTOC, IO=CSPR. 
AOTOC. 


96 


AOTOC 

USING  THE  PROGRAM  -  DEFAULT  EXECUTION 

t.3,1  DEFAULT  EXECUTION 

ADTDC, INPUT, NEM IN, TAPE61. OUTPUT, INFILE. 


L.3.2  FILES 


INPUT  THIS  FILE  CONTAINS  AT  MOST  TWO 

CAROS. 

CARO  1  CONTAINS  'SCALE*,  A  REAL 
NUMBER  ENTERED  IN  FREE  FORMAT. 
DEFAULT  VALUE  IS  30.0. 

CARO  2  CONTAINS  *MAXOEG*,  THE 
MAXIMUM  NUMBER  OF  DEGREES  OF 
FREEDOM  AT  A  NODE  IN  THIS 
ANALYSIS.  THE  DEFAULT  IS  9. 
IF  THE  DEFAULT  VALUES  ARE 
APPROPRIATE,  <INPUT>  MAY  BE  AN 
EMPTY  file. 

NEHIN  THE  DATA  FILE  PRODUCED  BY  THE 

PROGRAM  »HA8S» 

TAPEBl  THE  FILE  OF  DISPLACEMENTS  FROM 

•SUBSTRC* 

OUTPUT  PRINTED  OUTPUT  FROM  'AOTOC* 

IMFILE  THIS  FILE  IS  IN  THE  SAME  FORMAT 

AS  <NEMIN>  AND  CONTAINS  THE 
NODAL  TOPOLOGY  (CONNECTIVITY! 
AND  THE  MODIFIED  COORDINATES. 


L.i,  EXAMPLE 


THIS  EXAMPLE  SHOWS  THE  PRODUCTION  OF  THE  FILE 
<NEMIN>  9V  'MABS*  AND  THE  FILE  <INFILE>  BY  *AOTOC*,  THE 
FILE  <TAPE61>  IS  ASSUMED  TO  HAVE  BEEN  PRODUCED  AND 
CATALOGED  IN  AN  EARLIER  ANALYSIS  PERFORMED  WITH 
•SUBSTRC". 
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ADTOC 

EXAMPLE 


COMMENT, - 

COMMENT,  PRODUCE  FILE  <NEMIN>. 

COMMENT, - 

ATTACH,HABS,IO=CSPR, 

ATTACHfOATA •YOUROATA,IO-YOUR. 

MASS. 

UNLOAD, MABSfOATA. 

COMMENT, - 

COMMENT,  ADO  DISPLACEMENTS,  PRODUCE  <INFILE> 

COMMENT, - 

ATTACH,T*PE61,Y0URTAPE61,I0=Y0UR, 

ATTACH, ADTOC, IO=CSPR. 

AOTOC, 

UNLOAD, ADTOC, 

AT  THIS  POINT,  THE  FILE  <INFILE>  EXISTS,  WHICH  IS 
IN  THE  SAME  FORMAT  AS  THE  *SUBSTRC»  INPUT  FILE  <NEWIN>, 
TO  CONTINUE*  AND  PREPARE  THE  DATA  FOR  DISPLAY  WITH  A 
DISPLAY  PACKAGE,  ONE  MUST  TRANSLATE  THIS  DATA  INTO  A 
FORM  COMPATIBLE  WITH  THE  PLOTTING  DEVICE,  IF,  FOR 
EXAMPLE,  THE  DISPLAY  IS  TO  BE  DONE  WITH  •STAGING*,  THE 
FOLLOWING  CONTROL  CAROS  MOULD  BE  EXECUTED  IMMEDIATELY 
FOLLOWING  THE  ABOVEl 


COMMENT. - 

COMMENT,  TRANSLATE  TO  NASTRAN  INPUT  FILE  <OATA> 

COMMENT. - 

ATTACH,STON,IO=CSPR, 

STON, INFILE. 

UNLOAD, STON. 

attach,procfil,procfilprfstag,id=camk. 

aECIN,IOEALTK,,DP=D0NAME,ID=YOUR,STRl=STRUCTUREN, 

STR2=AMEUPTOLOC,STR3=HARACTERSL,STRL=ONG, 

SUB1=UPTOUOCHAR,SUB2=SUBSTRUCTU,SUB3=RENAME. 
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CHAPTER  5 

•BEAMX* 

GENERATE  COORDINATES 
FOR  OPEN  SECTION  BEAN 
ELEMENTS  CTYPE  il3> 
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♦aEAMX* 

INTROCUCTION 


5.1  INTRODUCTION 


•3EAMX*  MAS  WRITTEN  TO  ASSIST  IN  THE  PREPARATION  OF 
COORDINATE  DATA  FOR  THE  OPEN  SECTION  BEAN  ELEHENT  CTVPE 
#1TI  IN  THE  'MARC*  PROGRAMS.  THE  GEOMETRIC  DEFINITIONS 
OF  EACH  GRID  POINT  FOR  ELEMENT  13  REQUIRE  3  CARTESIAN 
COORDINATES  <X,  Y,  Z) *  THE  DERIVATIVES  OF  THESE 
COORDINATES  WITH  RESPECT  TO  THE  ARC  LENGTH  •$», 
(OX/OS.  OY/DS.  OZ/OSI.  3  COMPONENTS  OF  A  UNIT  VECTOR  IN 
THE  DIRECTION  OF  THE  'X*  AXIS  WHICH  DEFINES  THE  BEAM 
CROSS  SECTION  CAX,  AY.  AZI ♦  THE  DERIVATIVES  OF  THESE 
COMPONENTS  WITH  RESPECT  TO  ARC  LENGTH  »S* 
(DAX^OS.  OAY/OS.  OAZ/OSI.  AMO  FINALLY,  THE  ARC  LENGTH  AT 
THE  GRIP3INT  •$*.  THUS,  EACH  NODE  IS  DEFINED  BY  A  TOTAL 
OF  13  COORDINATES.  'BEAMX*  SHORTENS  THE  TIME  NECESSARY 
TO  PREPARE  these  DATA,  AND  ENSURES  THAT  THEY  A»E 
EXPRESSED  IN  PROPER  TERMS. 

•BEAMX*  IS  WRITTEN  IN  FORTRAN  L,  IT  IS  SMALL,  AND 
EASILY  MODIFIED. 


5.2  FILES 

THE  FOLLOWING  FILES  ARE  USED  BY  •3EAMXM 
INPUT  USER  INPUT 

OUTPUT  PRINTED  OUTPUT 

TAPEZ  FILE  OF  GENERATED  COORDINATES 
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•BEAMX* 

EXECUTION 


5.3  EXECUTION 


5.3.1  AS  A  BATCH  JOB! 


TO  RUN  •8EAMX'  AS  A  BATCH  JOB,  ONE  MAY  EXECUTE  THE 
FOLLOHINS  CONTROL  CAROSI 


JOB,CM350Q0,  .  .  . 

CHARGE, YOUR, GOBBLYGOOK. 

ATTACH, BEAHX, BE AHXLGO,IO=CSPR. 

ATTACH, IN,YOURINPUTTOBEAMX, 10= YOUR. 

REQUEST, TAPE?, •PF. 

HAP, OFF. 

BEAMX.IN. 

CATALOG, TAPE?, YOURBEAMCOOROINATES, 10= YOUR. 

NOTE  THAT  IN  THE  ABOVE,  IT  IS  ASSUMEO  THAT  THE 
INPUT  FILE  <IM>  HAS  BEEN  CREATED  IN  SOME  OTHER  JOB 
(POSSIBLY  USING  ONE  OF  THE  SYSTEM  TEXT  EDITORS) . 
<TAPE?>  MAY  LATER  BE  ATTACHED  INTERACTIVELY  AND  THE  DATA 
INSERTED  INTO  THE  ANALYSIS  INPUT  FILE  AT  THE  APPROPRIATE 
PLACES, 


5.3,2  AS  AN  INTERACTIVE  JOB# 


TO  EXECUTE  'BEAMX*  INTERACTIVELY,  THE  FOLLOWING 
COMMANDS  MAY  BE  ISSUED# 


ATTACH,BEAMX,BEAMXLGO,ID=CSPR. 

ATTACH,  I NPUT.YOURINPUTTOBEAMX,  10=  YOUR, 

REQUEST, TAPE?, ♦PF. 

MAP, OFF, 

8EAMX, 

MOTE  THAT  IN  THE  ABOVE,  IT  IS  ASSUMED  THAT  THE 
INPUT  FILE  <INPUT>  HAS  BEEN  CREATED  IN  SOME  OTHER  JOB 
(POSSIBLY  USING  ONE  OF  THE  SYSTEM  TEXT  EDITORS).  AT 
THIS  POINT,  <TAPE?>  EXISTS  AS  A  LOCAL  FILE  AT  YOUR 
terminal.  IT  MAY  BE  FURTHER  MANIPULATED  WITH  OTHER 
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•BEAMX* 

EXECUTION 


SYSTEM  TOOLS,  CATALOGED,  ETC.  AFTER  EXECUTION 
INTERACTIVELY,  THE  OUTPUT  MAY  BE  ROUTED  TO  A  PRINTER,  OR 
SCANNED  AT  THE  TERMINAL  ITSELF, 


5.3.3  DEFAULT  EXECUTION 


THE  DEFAULT  EXECUTION  OF  'BEANX*  ISI 


BE AHX, INPUT,  OUTPUT, TAPE7. 


5.4  THE  <INPUT>  FILE 


THE  INPUT  DATA  ARE  THE  MINIMUM  REQUIRED  TO 
COMPLETELY  DEFINE  THE  GEOMETRY  OF  THE  BEAM.  NOTE  THAT 
this  file  is  not  (THAT  IS  NOT!)  FREE  FORMAT!  ALL 
NUMBERS  MUST  BE  ENTERED  WITHIN  THE  FIELDS  ON  THE  CARO 
SPECIFIED.  INTEGERS  ARE  ENTERED  WITHOUT  A  DECIMAL 
POINT,  RIGHT  justified  IN  THE  FIELD,  REALS  ARE  ALWAYS 
ENTERED  WITH  A  DECIMAL  POINT, 


CAUTION! 

*8EAMX»  DOES  NO  ERROR 
CHECKING! 
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•BEAUX* 
<INPJT>  FILE 


(11 

CARO 

1 

NOTES 

COLS 

VARIABLE 

(2) 

1-3 

FLAG 

•OLDS  OR,  OMIT  ENTIRELY. 

CAPO  2 

NOTES  COLS  VARIABLE 

(7>  1-5  ICASE  NUMBER  OF  BEAMS  TO 

GENERATE 

CARO  3.1 


NOTES 

COLS 

variable 

(L> 

1-5 

I8MTYP 

TYPE  OF  BEAM, 

11  CIRCUMFERENTIAL  ON 
CYLINDER? 

2«  LONGITUDINAL  ON 

CYLINDER 

6-10 

NUMND 

NUMBER  OF  GRIDPOINTS 
THE  BEAM 

(5» 

CAPO 

3.2 

NOTES 

COLS 

VARIABLE 

1-5 

NOOEl 

NUMBER  OF  FIRST  NODE 

6-10 

NODE2 

NUMBER  OF  SECOND  NODE 

•  •  • 

NOOEN 

NODE  NUMBER  •NUMND* 
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•BEAHX* 
<INPUT>  FILE 


CAPO 

3.3 

NOTES 

COLS 

VARIABLE 

(61 

o 

1 

P 

RADIUS  OF  CYLINDER 

CAPO 

3.t 

NOTES 

COLS 

VARIABLE 

(?) 

1 

o 

7(1) 

Z  LOCATION  OF  FIRST  NODE 

11-2P 

7(2) 

Z  LOCATION  OF  SECOND  NODE 

... 

CAPO 

1  3.5 

NOTES 

COLS 

VARIABLE 

(8) 

1-10 

THETA  (1) 

ANGLE  TO  FIRST  NODE 

DEGREES 

11-20 

theta  (2) 

ANGLE  TO  SECOND  MCOP 

•  •  • 


NOTESI 

1,  'BFAnX*  MAY  PRODUCE  COORDINATES  ON  <TAPE7>  IN 
EITHER  OF  TWO  FORMATSi  'NEWS  WHICH  IS  THE 
DEFAULT,  AND  'OLD*,  WHICH  IS  COMPATIBLE  WITH 
THE  ’WABS*  INTERMEDIATE  FILE  <NEWIM>  AS  WELL  AS 
♦MARCCDC*  AND  'TRAINS*.  IF  'WABS*  FORMAT  DATA 
IS  DESIRED  ON  <TAPE7>,  OMIT  THIS  CARO  ENTIRELY. 


2.  this  input  IS  CHARACTER  INPUT. 


•BEAHX* 

<INPUT>  FILE!  NOTES 


3.  *IC»SE*  IS  THE  NUMBER  OF  BEAMS  GENERATED. 
THUS,  CAROS  3.1  THRU  3.5  ARE  REPEATED  AS  A  SET 
•ICASE*  TIMES. 

It.  CIRCUMFERENTIAL  BEAMS  ARE  FAMILIAR  TO  ANALYSTS 
OF  ping  STIFFENED  CYLINDERS  AS  'FRAMES*. 
LONGITUDINAL  BEAMS  ARE  'STRINGERS'. 

5.  NODE  NUMBERS  ARE  INTEGERS.  THEY  APE  ENTERED 
RIGHT  justified  IN  THE  FIELDS  ON  THIS  CARO. 
SINCE  each  node  number  REQUIRES  5  COLUMNS.  IT 
IS  POSSIBLE  TO  INPUT  A  MAXIMUM  OF  16  NODES  PER 
CARD.  IF  THERE  ARE  MORE  THAN  16  NODES  TO  BE 
INPUT.  MERELY  ENTER  THEM  ON  SUCCESSIVE  CAROS  IN 
5  COLUMN  fields  UNTIL  THE  TOTAL  OF  'NUMND' 
NODES  HAS  BEEN  ENTERED. 

6.  THE  RADIUS  R  IS  A  REAL  NUMBER.  AND  MUST  BE 
ENTERED  WITH  A  DECIMAL  POINT. 

7.  Z  COORDINATES  ARE  REAL  NUMBERS.  ENTERED  HITH  A 
DECIMAL  POINT.  NOTE  THAT  A  SINGLE  Z  COORDINATE 
IS  REQUIRED  FOR  CICRCUMFERENTI AL  BEANS.  WHEREAS 
A  LONGITUDINAL  BEAM  REQUIRES  'NUMND'  Z 
COORDINATES.  'BEAMX*  DETERMINES  THE  AMOUNT 
NEFOEO.  AND  READS  UNTIL  IT  IS  SATISFIED.  SINCE 
EACH  'Z'  OCCUPIES  10  COLUMNS.  IT  IS  POSSIBLE  TO 
PUT  A  MAXIMUM  OF  8  'Z*S  ON  A  CARO.  IF  YOU  NEED 
MORE.  MERELY  CONTINUE  ENTERING  'Z'S  ON 
SUCCESSIVE  CAROS  IN  10  COLUMN  FIELDS  UNTIL  THE 
TOTAL  REQUIRED  HAS  BEEN  ENTERED. 

8.  each  ANGLE  'THETAfD'  IS  A  REAL  NUMBER.  tNIEREO 
WITH  A  DECIMAL  POINT.  NOTE  THAT  THERE  ARE 
'NUMND'  VALUES  REQUIRED  FOR  A  CIRCUMFERENTIAL 
BEAM,  WHILE  THERE  IS  ONLY  1  REQUIRED  FOR  A 
LONGITUDINAL  BEAM,  'THETA*  MEASURES  THE  ANGLE 
TO  THE  BEAM  FROM  THE  X-Z  PLANE  TO  THE  NODE. 
SINCE  EACH  'THETA'  OCCUPIES  10  COLUMNS.  IT  IS 
POSSIBLE  TO  PUT  A  MAXIMUM  OF  8  'THETA'S  ON  A 
CAPO.  IF  YOU  NEED  MORE.  MERELY  CONTINUE 
ENTEpING  'THETA'S  ON  SUCCESSIVE  CARDS  IN  10 
COLUMN  FIELDS  UNTIL  THE  TOTAL  REQUIRED  HAS  BEEN 

entered. 
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5.5  LIMITATIONS  AND  REMARKS 


1.  MINIMUM  FIELD  LENGTH  TO  EXECUTE  'BEAMX'I 
APPROXIMATELY  35000  WORDS 

2.  MACMINEI  CnC  60CO 

3.  TIME  ESTIMATE!  .005  SECONDS  P£R  NODE 

k»  PROGRAM  MAINTENANCE!  ‘REAMX*  IS  WRITTEN  IN 
FORTRAN  AND  MAINTAINED  BY  THE  AUTHOR.  THE 
SOURCE  CODE  IS  RETAINED  AS  THE  SOURCE  FILE 
8EAMXS0URCE  ,IO=CSRO.  THE  RELOCATABLE 

lOBJECT)  CODE  IS  RETAINED  AS 

0EAMXLGO  .ID=CSPR.  BOTH  THE  SOURCE  AND  THE 
RELOCATABLE  ARE  RETAINED  ON  PRIVATE  DISK  DVL717 
AT  THE  OTNSROC  C0C6<*C0. 
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•CH* 

CENTRAL  HENORY  NECESSARY 
FOR  AN  ANALYSIS 
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6,1  INTRODUCTION 


•CH*  MAS  WRITTEN  TO  CONFUTE  THE  AMOUNT  OF  COMPUTER 
MEMORY  NEEDED  FOR  AN  AI^ALTSIS. 

ESTIMATES  OF  STORAGE  ARE  SOMETIMES  NECESSARY  PRIOR 
TO  ANY  ANALYSIS  MERELY  TO  DETERMINE  IF  AN  ANALYSIS  OF 
THE  ENYISIONEO  SIZE  MILL  EXCEED  THE  CAPACITY  OF  THE 
'SUBSTRC*  PROGRAM.  THIS  FORCES  AN  ANALYST  TO 
APPROKINATE  THE  SIZE  OF  THE  ANALYSIS  BY  GAZING  AT  THE 
CEILING  ANO  GUESSING  (IN  A  RATHER  ROUGH  MAY)  HOM  THE 
STRUCTURE  HILL  BE  DIVIDED. 

ESTIMATING  IS  HADE  DIFFICULT  BY  THE  DYNAMIC  STORAGE 
ALLOCATION  PROCESS  USED  BY  ‘SUBSTRC*.  THE  STORAGE  USEO 
IN  ANY  ANALYSIS  IS  PROBLEM  DEPENDENT;  THAT  IS.  THE 
STORAGE  REOUIREO  VARIES  FROM  CASE  TO  CASE  IN  A 
NON-LINEAR  FASHION.  THE  ALLOCATION  ALGORITHM  IS  QUITE 
SIMPLE  LOGICALLY  BUT  INCREDIBLY  COMPLEX  ARITHMETICALLY, 
ANO  IS  IDEALLY  SUITED  TO  MACHINE  SOLUTION. 

IT  IS  TRUE  THAT  THE  'SUBSTRC*  PROGRAM  ITSELF  COULD 
BE  USE3  TO  DETERMINE  THE  STORAGE  ALLOCATION  WITHOUT 
EMPLOYING  A  SEPARATE  PROGRAM.  HOMEVER,  *SUBSTRC*  IS  A 
LARGE  PROGRAM  AND  REQUIRES  ABOUT  HALF  OF  THE  AVAILABLE 
MACHINE  RESOURCES  MERELY  TO  BEGIN  OPERATION.  WITH  OTHER 
JOBS  RUNNING  IN  A  MULTIPROGRAMMING  ENVIRONMENT,  THE 
RESPONSE  FROM  'SUBSTRC*  IS  THUS  SLOW.  »CM*  IS  A  SMALL 
PROGRAM  WHICH  PROVIDES  RAPID  TURNAROUND,  AND  IS  CHEAP  TO 
RUN.  IT  IS  therefore  PREFERABLE  FOR  THE  TASK  OF 
DETERMINING  THE  CENTRAL  MEMORY  REQUIREMENTS. 

•CM*  PROVIDES  A  LOOP  ON  THE  'SUBSTRC*  VARIABLE 
•MXRO*.  WHICH  IS  THE  NUMBER  OF  ROWS  OF  SUBSTRUCTURE 
STIFFNESS  MATRIX  WHICH  CAN  FIT  INTO  CENTRAL  MEMORY  AT 
ANY  TIME.  IT  IS  PREFERABLE  TO  HAVE  THE  LARGEST  'MXRO* 
POSSIBLE  TO  REDUCE  THE  AMOUNT  OF  CENTRAL  PROCESSOR  TIME 
USEO  IN  PERFORMING  INPUT/OUTPUT  OPERATIONS.  'CM*  SETS 
•MXRO*  TO  THE  VALUE  OF  'MAXNP*  (THE  MAXIMUM  OFl  THE 
MAXIMUM  HALF  BANDWIDTH  IN  A  SUBSTRUCTURE.  THE  MAXIMUM 
CONNECTIVITY  IN  A  SUBSTRUCTURE.  SEE  NOTES  BELOW).  IF 
THE  ANALYSIS  WILL  FIT  INTO  THE  ARRAY  SPACE  AVAILABLE. 
•CM*  STOPS.  PRINTING  THESE  SIZES.  IF  THE  ANALYSIS  WILL 
NOT  FIT  INTO  THE  ARRAY  SPACE  AVAILABLE,  'MXRO*  IS 
REDUCED  BY  1.  ANO  THE  ALGORITHM  IS  EXECUTED  AGAIN.  THIS 
ITERATION  IS  PERFORMED  UNTIL  THE  ANALYSIS  FITS,  OR 
•MXRD*  IS  LESS  THAN  1. 
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•CN*  PRINTS  THE  ARRAT  SIZES  NECESSARY  FOR  PROBLEM 
SOLUTION.  IF  THE  ANALYSIS  HILL  NOT  FIT  KITH  THE  GIVEN 
parameters*  RETHINK  THE  ANALYSIS  AND  SUBSTRUCTURE  IT 
DIFFERENTLY.  IF  THE  ANALYSIS  HILL  NOT  FIT  AFTER  SEVERAL 
ATTEMPTS  TO  SIZE  IT.  CONTACT  OTNSRDC  CODE  1720.3. 


6.2  files 

THE  FOLLOWING  FILES  ARE  USED  BY  *CM»I 

lNf»UT  USER  INPUT  CSAHE  FORMAT  AS  THE  'SUBSTRC* 

FILE  <NEHIN> 

OUTPUT  PRINTED  OUTPUT 

6.3  EXECUTION 


6.3.1  AS  A  BATCH  UOBt 


TO  RUN  'CM*  AS  A  BATCH  JOB.  ONE  HAY  EXECUTE  THE 
FOLLOWING  CONTROL  CARDS! 


JOB.CM3SOOO.  ... 

CHARGE  t  YOUR. GOBBLYGOOK. 

ATTACH. CH.CMLGO*ID=CSPR. 

ATTACH.  IN.YOURINPUTTOCH.ID=YOUR. 

HAP. OFF. 

CN.IN. 

NOTE  THAT  IN  THE  ABOVE.  IT  IS  ASSUMED  THAT  THE 
INPUT  FILE  HAS  BEEN  CREATED  IN  SOME  OTHER  JOB  (POSSIBLY 
USING  ONE  OF  THE  SYSTEM  TEXT  EDITORSl  . 
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6.3.2  AS  AN  INTERACTIVE  JOBt 


TO  EXECUTE  'CH*  INTERACTIVELY.  THE  FOLLOWING 
CONHANOS  HAY  BE  ISSUED! 


ATTACH, CH.CNLGO.IO^CSPR. 

NAP.OFF. 

CM. 

NOTE  THAT  IN  THE  ABOVE*  IT  IS  ASSUMED  THAT  THE 
INPUT  FILE  NAS  BEEN  CREATED  IN  SOME  OTHER  JOB  CPOSSIBLY 
USING  ONE  OF  THE  SYSTEM  TEXT  EDITORS!.  AFTER  EXECUTION 
INTERACTIVELY,  THE  OUTPUT  MAY  BE  ROUTED  TO  A  PRINTER,  OR 
SCANNED  AT  THE  TERMINAL  ITSELF. 


6.3.3  DEFAULT  EXECUTION 


THE  DEFAULT  EXECUTION  OF  *CH*  IS! 


CM, INPUT, OUTPUT. 
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6.4  THE  <INPUT>  FILE 


THE  <INPUT>  FILE  IS  COHPRISEO  OF  THE  FIRST  NINE 
CAROS  3F  THE  «HABS*  INTERMEDIATE  FILE  <NEMIN>.  USING 
ONE  OF  THE  SrSTEM  EDITORS.  AND  THE  FREE  FORMAT  PROGRAM 
*FREEIN%  THESE  CAROS  HAT  BE  EASILY  CREATED.  NOTE  THAT 
THIS  FILE  IS  NOT  (THAT  ISl  NOT!)  FREE  FORMAT.  ALL 
NUMBERS  ARE  INTEGERS  <NITM  THE  EXCEPTION  OF  THE  FIRST 
CARD!  AND  MUST  BE  ENTERED  RIGHT  JUSTIFIED  IN  THE  FIELDS 
SPECIFIED. 


CAUTION! 

*CM*  DOES  NO  ERROR 
CHECKING! 


NOTES  COLS  VARIABLE 
CARO  1 

1-T6  LABEL  76  COLUMNS  OF  TITLE 


NOTES 

COLS 

VARIABLE 

(1) 

CARD 

2 

(2) 

i-to 

MAXALL 

SIZE  OF 

COMMON  /SPACE/ 

11-15 

lOIM 

GO/NOGO 

SNITCH  (SET  s 

0) 

15-20 

IROl 

LENGTH 

OF  INDEX 

FOR 

<TAPE12> 

(DEFAULT!  50) 

21-25 

IR02 

LENGTH 

OF  INDEX 

FOR 

<TAPE14>  (DEFAULT!  501 
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NOTES 

COLS 

VARIABLE 

CARO 

1  3 

1-5 

NELTYP 

NUMBER  OF  ELEMENT  TYPES 
(MAXIMUM  OF  3  PERMITTEOI 

6-10 

Ji 

ELEMENT  TYPE  1 

11-15 

J2 

ELEMENT  TYPE  2 

16-20 

J3 

ELEMENT  TYPE  3 

NOTES 

COLS 

VARIABLE 

CARO 

4 

1-5 

ISI 

FLAG  FOR  LARGE 
DISPLACEMENT  ANALYSIS 
(SET  X  11 

6-10 

IRESIO 

NOT  USED  (SET  x  Q) 

11-15 

KINHRO 

FLAG  FOR  KINEMATIC 
HARDENING  (SET  x  i  FOR 
KINEMATIC  HARDENING,  x  o 
FOR  ISOTROPIC  HARDENING) 

16-20 

LOOCOR 

FLAG  FOR  LOAD  CORRECTION 
(SET  X  1) 

NOTES 

COLS 

VARIABLE 

CARO 

5 

1-5 

ICRT 

MATRIX  SOLUTION  FLAG 

(31 

6-10 

NAXNP 

MAXIMUM  NODAL  CONNECTIVITY 

(31 

11-15 

NAXBM 

MAXIMUM  NODAL  3AN0HI0TH/2 

16-20 

NXRO 

NUMBER  OF  IN-STORE  ROMS  OF 
STIFFNESS  MATRIX  (SET  x  0) 

21-25 

lELAS 

ELASTIC  STORAGE  FLAG 

(SET  X  01 
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26*30 

ZPRBLO 

FLAG  FOR 
SUBSTRUCTURE 
(SET  =  01 

BUILDING 

TAPE 

31-35 

ITIEH 

NAXIHUN  NUHBER 
A  SUBSTRUCTURE 

OF  TIES  IN 

36-40 

ISTYPM 

NUHBER  OF  TYPES 

OF  TIES 

(41 

%1*65 

LONGTN 

NUHBER  OF  RETAINED  NODES 
PLUS  1 

(51 

%6*50 

NUHOIS 

NUHBER  OF  TYPES  OF 

DISTRIBUTED  LOADS 

NOTES 

COLS 

VARIABLE 

CARO 

1  6 

t-5 

HESHR 

INPUT  TAPE 

(SET  -  01 

NUHBER 

6*10 

IPLOT 

NOT  USED  (SET  * 

01 

11-15 

IRSTRT 

NOT  USED  (SET  = 

01 

15-20 

lELSTO 

ELEHENT  STORAGE  FLAG 

(SET  =  11 

NOTES 

COLS 

VARIABLE 

CARO 

7 

1-5 

NUNEL 

HAXIHUH  ELEHENTS  IN  A 

SUBSTRUCTURE 

5-10 

NUNNP 

HAXIHUH  NODES 

SUBSTRUCTURE 

IN  A 

11-15 

NUN8C 

HAXIHUH 

CONDITIONS 

SUBSTRUCTURE 

BOUNDARY 
IN  A 

(61 

15-20 

NSTRES 

STRESS  LOCATION 

FLAG 
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NOTES 

(7» 


(8) 

(9» 


21-25  DUMMY 
26-30  NBCTMX 

31-35  MPTPMX 


MOT  USED  <SET  =  01 

MAXIMUM  BOUNDARY  CONDITION 
TRANSFORMATIONS  IN  A 
SUBSTRUCTURE 

MAXIMUM  TRANSFORMATIONS  IN 
A  SUBSTRUCTURE 


COLS  VARIABLE 


CARO  8 


1-5 

MPRMAX 

MAXIMUM  PRESSURE 
A  SUBSTRUCTURE 

LOADS 

IN 

6-10 

NPIMAX 

MAXIMUM 

INTERNAL 

NODES 

IN 

A  SUBSTRUCTUREt  I.E.* 
NODES  HHICN  00  NOT  CONNECT 
NITH  OTHER  SUBSTRUCTURES. 


11-15  NPBMAX  MAXIMUM  NODES  ON  A 

SUBSTRUCTURE  EDGE.  I.E.t 
NODES  WHICH  CONNECT  WITH 
OTHER  SUBSTRUCTURES. 

16-20  NUMMAX  MAXIMUM  NODES  IN  A 

SUBSTRUCTURE  (SAME  AS 
•NUMNP*  OF  CARO  Tl. 


21-25  NSTCON 
26-30  NTPBO 
31-35  NNIMIN 

36-60  MAXBWO 

61-65  ISUBXP 


NUMBER  OF  SUBSTRUCTURES 

TOTAL  EDGE  CONNECTIONS 

MINIMUM  NUMBER  OF  INTERNAL 
NODES  IN  A  SUBSTRUCTURE 
(SET  s  11 

MAXIMUM  BANOWIOTH/2  OF 

INTERSUBSTRUCTURE 

CONNECTIVITY 

MATRIX  SOLUTION  FLAG 

(SET  =  II 
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NOTES  COLS  VARIABLE 


CARO  9 


l»5 

MASTRS 

MATRIX 
(SET  = 

SOLUTION 

01 

FLAG 

6-10 

LASTRS 

SUBSTRUCTURE 
(SET  =  0) 

RESTART 

FLAG 

11-15 

Q 

NUMBER 
(SET  s 

OF 

0) 

RESTART 

TAPE 

15-ZO 

0 

NUMBER 
(SET  s 

OP 

0) 

RESTART 

TAPE 

21-25 

IPROV 

MATRIX 
(SET  s 

SOLUTION 

1) 

FLAG 

NOTES  I 

1.  THE  CURRENT  ACTIVE  DIMENSIONS  IN  THE  'SU8STRC' 
PROGRAM  MAT  BE  OBTAINED  FROM  DTNSRDC  CODE 
I72a.3. 

MAXIMUM  'MAXALL*  AS  OF  THIS  WRITING  IS  63000. 

3.  'MAWNP*  IS  THE  MAXIMUM  NUMBER  OF  NODES 

CONNECTED  TO  A  NODE.  INCLUDING  TIES.  THIS  IS 
IMPOSSIBLE  TO  OETERMIME  CORRECTLY  WITHOUT 
ACCURATE  knowledge  OF  THE  'SUBSTRC* 
CONNECTIVITY  ALGORITHM.  PRECISE  COUNTS  OF 
CONNECTIVITY  «HAXNP*  AND  NODAL  HALF  BANDWIDTH 
'MAXBW*  ARE  CALCULATED  BY  •WABS*.  THE 
INTERESTED  READER  IS  DIRECTED  TO  THE  'WABS* 
PROGRAM  MODULES  WHICH  PERFORM  THIS  CALCULATION 
USING  EXTREMELY  FAST  REGISTER  ARITHMETIC 
(PROCESSING  BITS  RATHER  THAN  NUMBERSI  .  THESE 
ROUTINES  AREI  KIIBAND,  KIIBANl.  BNOWDTH, 
KIIBAII.  LMNBITSt  KIIBAZl*  AND  KIIBA31. 

I*.  ADD  1  TO  THE  MAXIMUM  NUMBER  OF  NODES  INVOLVED 
IN  ANY  TIE,  AND  ENTER  THIS  NUMBER. 
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5.  'NUMOIS*  IS  ACTUALLY  THE  NUMBER  OF  ALTERATIONS 
OF  THE  MAGNITUDE  OF  THE  DISTRIBUTED  LOADS  IN 
ANY  SUBSTRUCTURE.  FOR  EXAMPLE.  IF  THE  LOAD  ON 
ELEMENT  1  IS  1.0  PSI.  ELEMENT  2  IS  NOT  LOADED* 
AND  THE  LOAD  ON  ELEMENT  3  IS  1.0  PSI.  THE 
INTERPRETATION  ISt  ELEMENT  1  IS  LOADED  MITH  1.0 
PSI.  ELEMENT  2  IS  LOADED  MITH  0.0  PSI.  AND 
ELEMENT  3  IS  LOADED  WITH  1.0  PSI.  'MUMDIS*  IS 
THEREFORE  3.  BECAUSE  THERE  ARE  3  ALTERNATIONS 
OF  LOAD  MAGNITUDE. 

6.  ‘NSTRES*  IS  SET  *  0  MHEN  STRESSES  ARE  TO  BE 

evaluated  at  a  SINGLE  POINT  HITHIN  AN  ELEMENT 
(USUALLY  THE  CENTROIDI .  WHEN  'MSTRES*  IS 
SET  =  1.  STRESSES  ARE  EVALUATED  AT  ALL 

INTEGRATION  POINTS. 

7.  'MPRMAX*  IS  THE  COUNT  OF  THE  ACTUAL  DISTINCT 
NON-ZERO  PRESSURE  LOADS  ON  A  SUBSTRUCTURE.  FOR 
EXAMPLE.  IF  THE  LOAD  ON  ELEMENT  1  IS  1.0  PSI. 
ELEMENT  2  IS  NOT  LOADED*  AND  THE  LOAD  ON 
ELEMENT  3  IS  1.8  PSI.  THE  INTERPRETATION  IS 
THAT  'MPRMAX*  s  1.  BECAUSE  THERE  IS  1  DISTINCT 
NON-ZERO  PRESSURE  LOAD. 

a.  ‘NTPBO*  IS  THE  LENGTH  OF  THE  INTER  SUBSTRUCTURE 
CONNECTIVITY  ARRAY.  SINCE  MORE  THAN  ONE 
SUBSTRUCTURE  MAY  BE  JOINED  AT  AN  EDGE.  THIS  IS 
NOT  STRICTLY  THE  SUM  OF  ALL  THE  EDGE  NODES.  BUT 
RATHER  THE  EDGE  CONNECTIVITY. 

9.  'MAXBMO*  IS  SIMPLY  THE  MAXIMUM  SUBSTRUCTURE  TO 
SUBSTRUCTURE  CONNECTIVITY. 


6.5  LIMITATIONS  AND  REMARKS 


1.  IT  MOULD  BE  INSTRUCTIVE  TO  READ  THE  'CM* 
PROGRAM  TO  APPRECIATE  THE  'SUBSTRC  •  DYNAMIC 
STORAGE  ALLOCATION  PROCEDURE. 

2.  MINIMUM  FIELD  LENGTH  TO  EXECUTE  *CM*I 

APPROXIMATELY  35000  WORDS. 

3.  MACHINEI  CDC  6000 

l».  TIME  ESTIMATEI  5  SECONDS. 
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5.  PROGRAM  MAINTENANCE*  'CM*  IS  WRITTEN  IN  FORTRAN 
AND  IS  MAINTAINED  BY  THE  AJTHOR.  THE  SOURCE 
CODE  IS  RETAINED  AS  A  SOURCE  INPUT  FILE  TO  THE 
•UPDATE*  UTILITY  AS  CMUI  ♦ID=CSRO.  THE 
PROGRAM  ITSELF  IS  RETAINED  IN  RELOCATABLE  FORM 
AS  CMLGO  •ID^CSRO.  BOTH  THE  SOURCE  AND 
RELOCATABLE  FILES  ARE  RETAINED  ON  PRIVATE  DISK 
AT  THE  DTNSROC  CDCE400. 
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•OFLSIFT* 
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7.1  INTRODUCTION 


•OFLSIFT*  IS  *N  INTERFACE  BETWEEN  THE  'SUBSTRC* 
PROGRAM  ELEMENT  TfPE  8  (OOUBLY  CURVED  SHELL  TRIANGLE) 
ANO  THE  UNIVERSITY  OF  CALGARY  PLOTTING  PROGRAM  'CONT* 
(REFERENCE  CCONT>) .  AS  SUCH,  IT  PROCESSES  THE  'SUBSTRC* 
INTERMEDIATE  DATA  FILE  <NENIN>  ANO  THE  SUBSTRC 
DISPLACEMENT  OUTPUT  FILE  <TAPEbl>  TO  PRODUCE  A  FILE 
<OATA>  COMPATIBLE  WITH  THE  BULK  OF  THE  INPUT  DATA  TO 
•CONT*.  ‘OFLSIFT*  MAKES  2  ADDITIONAL  FILES  WHICH  MAY  BE 
REUSED  FOR  FURTHER  SIFTING. 

•OFLSIFT*  IS  DESIGNED  TO  FILTER  THE  ‘SUBSTRC* 
INTERMEDIATE  FILE  <NEWIN>  WITH  USER-DEFINED  FILTERS. 
THUS,  ‘OFLSIFT*  HILL  PUT  ON  THE  OUTPUT  FILE  <OATA>  ONLY 
THOSE  ELEMENTS  AMO  COORDINATES  WHICH  PASS  THRU  THE 
FILTER(S) .  YOU  ALSO  HAVE  THE  OPTION  OF  UNROLLING  AN 
AKISYMMETRIC  SURFACE  ABOUT  ONE  OF  3  AXES. 

•OFLSIFT*  IS  DESIGNED  TO  LOGICALLY  AND  ACTUALLY 
SEPARATE  EACH  SPECIFIC  TASK  INTO  A  SINGLE  MODULE  OR 
SUBROUTINE.  THIS  KINO  OF  CONSTRUCTION  HAKES  FURTHER 
CHANGES  TO  ‘OFLSIFT*  FEASIBLE  BY  OTHER  THAN  THE  ORIGINAL 
DESIGNER.  IT  IS  WRITTEN  IN  FORTRAN. 


7.2  files 


INPUT  USER  INPUT.  SECTION  3  OF  THIS  REPORT 

GIVES  DETAILED  EXPLANATIONS  OF  USER 
INPUT. 

OUTPUT  PRINTED  OUTPUT  -  USUALLY  ABOUT  A  PAGE  OR 

TWO.  THE  MAXIMUM,  MINIMUM  ANO 

DIFFERENCES  OF  THE  COORDINATES  ANO  THE 
DISPLACEMENTS  ARE  PRINTED  HERE,  WHICH 
ALLOWS  YOU  TO  GET  AN  IDEA  OF  WHAT  THE 
INPUT  TO  *CONT»  SHOULD  BE. 

NEMIN  THE  INTERMEDIATE  ’SUBSTRC*  FILE  PRODUCED 

BY  •MASS* 
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OATft  THE  CODED  •OFLSIFT*  OUTPUT  "ILE  SUITABLE 

FOR  further  processins,  possibly  by  a 

PLOTTINS  PROGRAM.  IT  CONTAINS  ONE 
PARTITION  FOR  EACH  OF  THE  DISPLACEMENTS. 
EACH  PARTITION  ENDS  WITH  A  FORTRAN 
WRITTEN  'ENDFILE*  HARK.  EACH  PARTITION 
CONTAINS  N  RECORDS*  WHERE  N  IS  THE  NUMBER 
OF  NODES  PASSED  THRU  THE  USER-DEFINED 
filters.  the  format  of  each  record  ON 
THE  DATA  FILE  IS  (3E15.7,I?).  EACH 
RECORD  IN  EACH  PARTITION  CONTAINS 


X,  Y,  Z,  FLA6 
WHERE  I 


X  IS  THE 

REAL  X 

COORDINATE 

OF 

THE 

INTEGRATION 

POINT, 

Y  IS  THE 

REAL  Y 

COORDINATE 

OF 

THE 

INTEGRATION 

POINT, 

Z  13  THE  REAL  DISPLACEMENT  VALUE  AT  THE 
NODE. 


FLAS  is  an  INTEGER  WHICH  SIGNALS  THE  END 
OF  THE  DATA.  FLAG  *  0  MEANS  MORE  DATA 
follows;  FLAG  =  99  SIGNALS  END  OF  DATA. 

HSXYZ  THE  MASS  STORAGE  COORDINATES  FILE  HADE  BY 

•OFLSIFT*.  IT  CONTAINS  ALL  THE 

COORDINATES  NUMBERED  SEQUENTIALLY.  IT 
HAS  NO  REFERENCES  TO  SUBSTRUCTURES  AT 
ALL.  THIS  FILE  IS  SAVA3LE. 

MSOISP  THE  MASS  STORAGE  DISPLACEMENT  FILE  MADE 

BY  'DELSIFT*.  IT  CONTAINS  ALL  THE 
DISPLACEMENTS  PRODUCED  BY  •SUBSTRC*  AT 
ALL  THE  NODES.  IT  HAS  NO  REFERENCES  TO 
SUBSTRUCTURES  AT  ALL.  THIS  FILE  IS 
SAVABLE. 


7.2.1  A  NOTE  ON  THE  <OATA>  FILE 


TO  MAKE  THINGS  EASIER  TO  HANDLE  WHEN  YOU  ARE 
VIEWING  THE  DISPLACEMENTS  ON  A  'SCOPE,  YOU  MAT  WANT  TO 
USE  THE  PROCEDURE  CRUMBLE  TO  BREAK  THE  DATA  FILE  INTO 
PIECES  (OF  COURSE,  CRUMBLE  MAY  BE  USED  AT  ANY  TIME). 

TO  CREATE  A  FILE  WHICH  DOES  WOT  HAVE  AMY  ENO-FILE 
MARKS  (THAT  IS,  THE  FILE  IS  ONE  HUGE  PARTITION),  USE  THE 
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COPYS  SYSTEM  UTILITY  (DESCRIBED  MDRE  FULLY  IN  REFERENCE 
CCCRM>)  AS  FOLLOHSI 


BEDIN»COPYSf»COPYJ»OATA,NEMFIL. 

REMIND  NEMFIL. 

NOTE  THAT  THE  INPUT  DATA  EKPECTED  BY  'CONT*  IS  TO 
COME  FROM  TAPES,  TAPE9,  OR  TAPEIO,  SO  YOU  MAY  HAVE  TO 
LOCALLY  RENAME  THE  DATA  FILE  OR  THE  OUTPUT  FILES  OF 
CRUMBLE  AT  THE  SCOPE.  YOU  CAM  DO  THIS  HIH  THE  INTERCOM 
COMMANDS  (REFERENCE  CIMTERCOH»  t 


UNLOAD, OLOLFN<CR> 

BATCH,  0LQLFN,RENAHE,NEMLFN<CR> 

WHERE  OLOLFN  IS  THE  OLD  LD6ICAL  FILE  NAME,  NEHLFN 
IS  THE  NEM  LOGICAL  FILE  NAME,  AND  <CR>  MEANS  CARRIAGE 
RETURN. 


7.3  USER  INPUT 


7.3.1  INTRODUCTION 


INPUT  IS  HANDLED  WITH  OIRECTIYES  AND  DATA  CARDS 
ASSOCIATED  THEREWITH.  INPUT  DATA  ARE  FREE  FORMAT, 
SEPARATED  BY  A  COMMA  OR  BLANKIS).  THERE  ARE  THREE  TYPES 
OF  DATA  EXPECTED  AS  INPUTI  INTEGER,  REAL  AND  ALPHABETIC. 
INTEGER  INPUT  AND  REAL  INPUT  FOLLOW  THE  USUAL  FORTRAN 
CONVENTIONS,  I.E.  INTEGER  IS  ENTERED  WITHOUT  A  DECIMAL 
POINT,  REALS  ARE  ENTERED  WITH  A  DECIMAL  POINT  (AND  MAY 
BE  IN  EXPONENTIAL  FORM).  ALPMABETICS  ARE  USED  FOR 
INPUTTING  THE  DIRECTIVES  AND  THE  RELATIONS  USED  TO 
DEFINE  THE  FILTERS.  THE  DATA  TYPES  ARE  INDICATED  IN  THE 
INPUT  DESCRIPTIONS  AS  *1*  FOR  INTEGER,  ’R'  FOR  REAL,  AMO 
•A*  FOR  ALPHABETIC. 

FILTERING  IS  PERFORMED  ON  THE  NODAL  COORDINATES. 
ANY  NODE  WHICH  HAS  COORDINATES  WHICH  DO  NOT  PASS  THRU 
THE  USER  DEFINED  FILTERS  ARE  ELIMINATED. 
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USER  INPUT  -  OIRECrUTES 

r.3.2  DIRECTIVES  IM  •3FLSIFT* 

THE  F0LL0VIN6  DIRECTIVES  ARE  AVAILABLE! 

PICTURE  DEFINITION  DEFINE  THE  EXTENT  OF  THE 

PICTURE  TO  BE  DRAHN. 

UNROLL  UNROLL  A  SURFACE  INTO  20 

XYZ  FILTER  FILTER  ELEMENTS  PER  COORDINATE 

DATA 
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7. 3. 2.1  PICTURE  OEFINITIOR 


PICTURE  definition  ALLOWS  YOU  TO  0EFI»<E  THE  LIHITS 
OF  TOUR  DISPLAY  AND  HENCE  •ZOOM*  IN  ON  AN  AREA  OF 
INTEREST,  PICTURE  DEFINITION  IS  A  2  CARO  SLOCK. 


DATA 

NOTES  TYPE  VARIABLE 


CARD  1 

(1)  A  CARO  •PICTURE  DEFINITION* 


(2)  CARO  2 

(3)  R  XLL  X  COORDINATE  OF  THE  LOWER 

LEFT  CORNER  OF  THE  PICTURE 

R  YLL  Y  COORDINATE  OF  THE  LOWER 

LEFT  CORNER  OF  THE  PICTURE 

R  XUR  K  COORDINATE  OF  THE  UPPER 

RIGHT  CORNER  OF  THE 
PICTURE 

R  YUR  Y  COORDINATE  OF  THE  UPPER 

RIGHT  CORNER  OF  THE 
PICTURE 


NOTES! 

1.  START  IN  COLUHN  1.  IT  IS  IMPORTANT  TO  INCLUDE 
ONE  AND  ONLY  ONE  BLANK  BETWEEN  THE  WORDS! 

2.  EACH  ENTITY  ON  A  CARO  IS  SEPARATED  FROH  THE 
OTHERS  BY  EITHER  A  COMMA  (»)  OR  A  BLANK  C  >. 

3.  IF  THE  'UNROLL*  DIRECTIVE  IS  USED 
SIMULTANEOUSLY  WITH  •PICTURE  DEFINITION*, 
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SPECIFY  THE  PICTURE  DEFINITION  IN  TERNS  OF  THE 
UNROLLED  STRUCTURAL  OINENSIONS.  THUS»  IF  A 
CTLINOER  OF  OIAHETER  10  IS  UNROLLED  ABOUT  THE  T 
AXIS,  THE  RANGE  OF  X  DIMENSIONS  T3  CONSIDER  FOR 
PICTURE  DEFINITION  IS  FROH  0  TO  31.415. 

EXAHPLEI  EXCLUDE  FROH  THE  DISPLAY  ALL  THOSE  NODES 
HHICH  LIE  OUTSIDE  THE  UNIT  SQUARE. 

SOLUTIONI  PROVIDE  A  PICTURE  DEFINITION  TO  'OFLSIFT* 
AS  FOLLOHSt 


PICTURE  definition 
OfOf  1*1 


125 


OFLSIFT 
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7. 3. 2.2  UNROLL 


UNROLL  PERMITS  YOU  TO  OISPLRY  A  SURFACE  IN  2 
OINENSIONS  BY  UNROLLING  IT  ABOUT  AN  AXIS.  DEFAULT  IS 
NOT  UNROLL,  THAT  IS,  IF  THE  UNROLL  DIRECTIVE  IS  NOT 
SELECTED,  THE  VIEW  WILL  BE  A  PROJECTED  IMAGE.  UNROLL  IS 
A  TWO  CARO  OPTION. 


DATA 


NOTES 

TYPE 

VARIABLE 

CARO 

1 

(1» 

A 

CARO 

•UNROLL • 

(2) 

A 

CARO 

AXIS  NAME  OR  NUMBER 

CARO  2 


(3» 

R 

X 

FIRST 

UNROLLING 

COORDINATE 

CENTER 

OF 

R 

Y 

SECOND 

UNROLLING 

COORDINATE 

CENTER 

OF 

NOTESf 

1.  ENTER  THE  WORD  'UNROLL*  BEGINNING  IN  COLUMN  1. 

2.  PERMISSIBLE  AXIS  NAMES  ARE  'X*,  *Y*,  *Z*. 

SYNONYMS  ARE  *1*,  *2«,  AND  *3*,  RESPECTIVELY. 
THE  AXIS  NAMES  ARE  SEPARATED  FROM  THE  DIRECTIVE 
BY  A  COMMA  (,)  OR  ONE  OR  MORE  BLANKS  f  1. 

3.  THE  COORDINATES  OF  UNROLLING  CENTER  ARE  GIVEN 
IN  THE  ORDER  X-Y,  Y-E,  OR  Z-X,  DEPENDING  ON  THE 
AXIS  SPECIFIED  ON  CARD  1. 
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•UNROLL*  DIRECTIVE 


EXRMPLEI  UNROLL  A  CYLINDER  LOCATED  AT  THE 
WITH  ITS  AXIS  COINCIDENT  MITH  THE  Z  AXIS. 

SOLUTIONI  USE  THE  FOLLOWING  INPUT! 


UNROLL  Z 

0  •  0  f  0  •  0 


ORIGIN 
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•XYZ  FILTER*  DIRECTIVE 


7. 3. 2. 3  XYZ  FILTER 


XYZ  FILTER  PERMITS  YOU  TO  EXCLUDE  MODES  FROM  A 
DISPLAY  HHICH  DO  HOT  LIE  WITHIN  A  REGION  SPECIFIED  BY 
COORDINATES  OF  THE  GRIDPOINTS.  XYZ  FILTER  IS  A  THREE 
CARO-TYPE  SET.  CARO  3  HAY  BE  REPEATED  UP  TO  20  TIMES, 
GIVINC  A  MAXIMUM  NUMBER  OF  DEFINABLE  FILTERS  OF  20. 


DATA 

NOTES  TYPE  VARIABLE 


CARO 

1 

( 1) 

A 

CARO 

•XYZ  FILTER* 

CARO 

2 

(2) 

I 

NX  TESTS 

NUMBER  OF  XYZ  FILTJR  TESTS 

(3) 

CARD 

3.1 

(4) 

I 

FLTRCRO 

NUMBER  OF  THE  COORDINATE 

TO  BE  FILTERED 

(5» 

A 

XTSTREL 

RELATIONAL  SPECIFICATION 

R 

XTEST 

VALUE  TO  BE  USED  IN  THE 

FILTER 

NOTESI 

1.  START  IN  COLUMN  1.  IT  IS  IMPORTANT  TO  INCLUDE 
ONE  AND  ONLY  ONE  BLANK  BETWEEN  THE  WORDS! 

2.  THE  MAXIMUM  NUMBER  OF  FILTERS  IS  20. 

3.  REPEAT  CAROS  IN  THIS  SET  UNTIL  ALL  THE  REQUIRED 
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•KYZ  FILTER*  OIRECTIVE 


FILTERS  H»VE  BEEN  OEFIMEO.  EACH  ENTITY  ON  A 
CARO  IS  SEPARATED  FROM  THE  OTHERS  BY  EITHER  A 
COHHA  (,)  OR  A  BLANK  f  ). 

4.  ANY  OF  THE  COORDINATES  HAY  BE  SPECIFIED  IN  A 
FILTER. 

5,  RELATIONS  WHICH  ARE  TO  BE  USED  IN  THE  FILTERS 
ARE  LIMITED  TO  THE  FOLLOWING  VALID  TWO 
CHARACTER  ALPHABETIC  ENTRIESI 

EQ  -  equal; 

GE  •  GREATER  THAN  OR  EQUAL  TO: 

GT  -  GREATER  THAN; 

LE  •  LESS  THAN  OR  EOUAL  TO! 

LT  -  LESS  than; 

NE  -  NOT  EQUAL  TO. 

EXAHPLEt  PLOT  ONLY  THOSE  COORDINATES  WHICH  LIE 
BETWEEN  X  COORDINATE  3.0  AND  15.0. 

SOLUTION!  ESTABLISH  A  'OELSIFT*  FILTER  AS  FOLLOWS! 


KYZ  FILTER 
Z 

3fGE«3. 0 
3»LE,13«0 
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7.4  EXECUTION 


7.4.1  FROM  BATCH. ..FIRST  RUN* 


JO3CARO»CM700QQ. 

CHARGEfYOURyGOBBLTGOOX. 

COMMENT. - 

COMMENT.  PRODUCE  FILE  <NEMIN>. 

COMMENT. - 

ATTACH, NABS  I lO-CSPR. 
ATTACH,OATA,YOUROATA,IO=VOUR. 

NABS. 

UNLOAD, NABS, DATA. 

COMMENT  . - — - — — - - - 

COMMENT.  ATTACH  TAPE61,  RESERVE  PERM  FILE 
COMMENT.  SPACE  FOR  OTHER  FILES. 

COMMENT.-— ——————— - — - 

ATTACH,tAPE61,YOURTAPE61FROMSUBSTRC,I3sTOUR. 
REQUEST, MSXYZ,*PF. 

REQUEST, MS0ISP,*PF. 

REQUEST, DATA, »PF. 

COMMENT. - - - - - 

COMMENT.  EXECUTE  •OFLSIFT*,  SAVE  FILES 

COMMENT. - - - 

ATTACH,OFLSIFT,ID=CSPR. 

OFLSIFT, ,,NEHIN. 

CATALOG,NSXYZ,YOURMSXYZANALYSISNAME,IQ«YOUR. 

CATALOG,MSOISP,YOURMSOISPANALYSISNAME,IO=TOUR. 

catalog,oata,youranalysisnamfplotoata,  IDs your. 

CATALOG,TAPEil, YOURANALYSISNAMET APEll, IO>YOUR. 


7.4.Z  FROM  BATCH. ..SUBSEQUENT  RUNS* 


JOBCARO,CM70000. 

CHARGE, YOUR, GOBBLYGOOK. 

COMMENT. - 

COMMENT.  ATTACH  PERM  FILES,  REQUEST  S>ACE  FOR 
COMMENT.  <OATA> 

COMMENT. - — 

A1 rACH,MSXVZ,TOURMSXYZANALYSISNAME,IOsYOUR. 
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ATT ACHfHSOISPfTOURNSOZSPANALYSISNAHEy I  DETOUR. 
REaUEST,OATA,*PF. 

COHHEMT, - - - 

CONMEMT.  EXECUTE  'OFtSIFT*,  SAVE  FILES 

COMNEMT. - 

ATTACH,OFLSIFT«IO>CSPR. 

OFLSIFT»»fNEHIN. 

CATALOG»OATA,YOURANALrSlSNAHEPLOTOATA,IO=YOUR. 


7.4.3  FROH  TTY 


HOT  POSSIBLE  BECAUSE  'OELSIFT*  TAKES  TOO  HUGH  CH. 


7.4.4  DEFAULT  EXECUTE  CARO 


OFLSIFT, IMPyT, OUTPUT, INFILE » OAT  A, TAPE5l,0UHHY,HS0ISP, 
OUHNY,NSXYZ. 
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7.5  LIMITATIONS  AND  REMARKS 


1.  LARGEST  NUMERICAL  MOOELt  2048  ELEiENTS  AND  2046 
NODES. 

2.  ELEMENT  TYPES  HANOLEDt  8  (DOUBLY  CURVED  SHELL 
TRIAKGLE)  AND  20  (DOUBLY  CURVED  SHELL 
QUADRILATERAL)  . 

3.  HACHINEI  COC  6000  SERIES. 

4.  CENTRAL  HEHORYI  70000  MORDS. 

5.  TIME  ESTIMATEI  ABOUT  5  NODES  PER  CPU  SECOND. 

6.  PROGRAM  MAINTENANCE!  THE  PROGRAM  IS  CURRENTLY 
BEING  MAINTAINED  BY  THE  AUTHOR.  SOURCE  CODE  IS 
LOCATED  IN  THE  UPDATE  PROGRAM  LIBRARY 
CSROOFLSIFTPL,  ID=CSRO.  COMPILED  ROUTINES  ARE 
IN  THE  PRELOAD  LIBRARY  CSROOFLSIFTPREf  lOsCSRO. 
ABSOLUTE  (TASK  LOADED)  FILE  IS  DFLSIFT, IQsCSPR. 
COPIES  OF  THE  FILES  ARE  MAINTAINED  ON  DISK 
OV%717. 

7.  PLACES  FOR  IMPROVEMENT!  'DFLSIFT »  COULD  BE 
EXTENDED  TO  HANDLE  ALL  THE  ELEMENT  TYPES  IN  THE 
'SUBSTRC*  LIBRARY. 
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7.6  FILE  STRUCTURE 


THE  KNOWLEDGE  OF  THE  FILE  STRUCTURE  USED  BY 
•OFLSiPT*  IS  NOT  NECESSARY  FOR  ITS  USE.  HOWEVER,  THIS 
KNOWLEDGE  MOULD  BE  INVALUABLE  TO  SOMEONE  WHO  MISHEO  TO 
MODIFY  THE  PROGRAM.  HENCE,  THIS  SECTION  DESCRIBES  THE 
MASS  STORAGE  RANDOM  ACCESS  FILES  USED  BY  'DFLSIFT*. 


7.6.1  MSXY2 


MSXYZ  IS  THE  MASS  STORAGE  COORDINATES  FILE. 


7. 6. 1.1  MAIN  INDEX 

THE  MAIN  INDEX  IS  NAMED  XMASTER  DIMENSIONED  5  WORDS 


WORD  ADDRESS  TOt 

1  T0TN00S(2)  -  THE  TOTAL  NUMBER  OF  NODES  AND  ELEMENTS 

2  KLISTYP(TOTNOOSI  -  A  LIST  OF  THE  TYPE  OF  ELEMENT  TO 
WHICH  THIS  GRIDPOINT  BELONGS 

3  XYZXTH(ia,2l  -  A  LIST  OF  THE  EXTREME  VALUES  OF 
COORDINATES  FOR  THIS  ANALYSIS.  NOTE  THAT  AN  ANALYSIS 
WHICH  USES  SEVERAL  KINDS  OF  ELEMENTS  WILL  PROBABLY 
HAVE  MIXED  UP  EXTREME  VALUES. 

4  XYZNOX(204S)  -  THE  SUBINOEX  TO  THE  FILE 


7. 6. 1.2  SUBINOEX 


XYZNOX  IS  SET  AS  THE  FILE  SUBINOEX  WITH  A  CALL  TO 
STINOX.  EACH  ENTRY  IS  A  POINTER  TO  THE  COMPLETE  SET  OF 
COORDINATES  FOR  THE  GRIOPOINTT  E.G.,  XYZNOX (273»  POINTS 
TO  ALL  THE  COORDINATES  ASSOCIATED  WITH  THE  273R0  NODE 
(SEQUENTIALLY!  IN  THE  ENTIRE  STRUCTURAL  MODEL. 
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T.6.2  NSOISP 


HSOISP  IS  THE  MUSS  STORAGE  OISPLACEHEMT  FILE. 


7. 6. 2.1  MAIN  INDEX 


THE  HAIN  INDEX  TO  THE  FILE  IS  NAMED  DMASTER 
DIMENSIONED  5  MOROS. 


WORD  ADDRESS  TOt 

1  aiSPNDX(2a4S)  -  THE  FILE  SUBINDEX 

2  0ISPXTM(13, 2)  -  THE  EXTREME  DISPLACEMENT  VALUES. 

3  0PL0TS(13I  -  THE  ARRAT  HMICH  TELLS  HHICH  CIF  ANY) 
PLOTS  ARE  TO  9E  MADE. 

IF  OPLOTS(I)  s  1,  PLOT  THIS  DISPLACEMENT, 

IF  DPLOTS(I)  =  0,  DO  MOT  PLOT  THIS  DISPLACEMENT. 

4  TOrNODS«2)  -  THE  TOTAL  NUMBER  OF  NODES  AND  ELEMENTS 


7. 6. 2. 2  SUeiNDEX 


OISPNOX  IS  SET  BY  A  CALL  TO  STINOX.  EACH  CELL  OF 
DISPNOX  IS  A  POINTER  TO  THE  SET  OF  DISPLACEMENTS  FOR  A 
NODE.  THUS,  FOR  LIBRARY  ELEMENT  TYPE  8  FOR  EXAMPLE, 
DISPN0X<456)  POINTS  TO  A  9  *  1  ARRAY  OF  DISPLACEMENTS 
FOR  THE  456TH  NODE  (SE3UENTI ALLY)  IN  THE  ENTIRE 
STRUCTURAL  MODEL. 
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7.7  REFERENCES 

CORN 

*CONT«  MANUAL 
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PROCEDURES! 

CVBER  CONTROL  LANGUAGE 
CCCL) 

PROCEDURES  FOR  THE 
'SUBSTRC'  USER 
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TNTROOUCTIOM 


8.1  INrROOUCTION 


the  control  data  corporation  nos/be  cyber  control 

LANGUAGE  CCCL»  ALLOWS  YOU  TO  MANIPULATE  CONTROL 
STATEMEWTS*  AND  WRITE  CONTROL  CARD  "PROGRAMS".  VARIOUS 
VERBS 


.  CAUSE  CONTROL  STATEMENTS  TO  BE  SKIPPED  OR  PRCCESSEO 
CONDITIONALLY 

.  PROCESS  AND  REPROCESS  A  GROUP  OF  CONTROL  STATEMENTS 
11. E.,  LOOPS! 

.  MANIPULATE  CCL  SYMBOLIC  NAMES 

.  CONTROL  PROCESSING  OF  DIFFERENT  GROUPS  OF  CONTROL 
CAROS  (SUBROUTINES! 


SEVERAL  FUNCTIONS  ARE  PROVIDED  FOR  USE  IN 
EXPRESSIONS,  DATA  MAY  BE  IMBEDDED  IN  PROCEDURES,  AND  A 
LIMITED  ARITHMETIC  CAPABILITY  IS  OFFERED, 

CCL  IS  AN  EXTREMELY  POWERFUL  TOOL  FOR  THE  USER  OF 
COC  COMPUTEPS.  THE  CAPABILITY  AVAILABLE  THRU  THE  USE  OF 
CCL  IS  CONSIDERABLE,  AND  INTERESTED  READERS  ARE  DIRECTED 
TO  CHAPTER  5  OF  CNOS/BE>  AND  TO  f DTNSRDCXCCLT , 

THREE  PROCEDURES  HAVE  BEEN  WRITTEN  WHICH  SIMPLIFY 
THE  USE  OF  •SUBSTRC*  AND  ITS  AUXILIARY  PROGRAMS,  THESE 
PROCEDURES!  ♦CRUMBLE',  •HOLD*,  AND  'RESTORE',  ARE 
DESCRIBED  IN  THIS  CHAPTER. 
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0.2  ‘CRUMBLE* 


•CRUMBLE*  IS  A  PROCEDURE  USED  IN  CONJUNCTION  WITH 
THE  PROGRAMS  •OFLSIFT*  AND  *STRSIFT*,  IT  BREAKS  THE 
<OATA>  FILES  PRODUCED  BY  THESE  PROGRAMS  INTO  CONVENIENT 
CHUNKS  FOR  VIEWING  SPECIFIC  DISPLACEMENTS  OR  STRESSES  AT 
A  TEKTRONIX  DISPLAY  TERMINAL. 


8.2.1  EXECUTION 


ATTACH.PROCFIL.CCLLIBf ID=CSR0. 

ATrACH.BATA,YOUROATAFROMOFLSIFTORELSEWHERE.ID=YOUR. 

aEGIN.CRUMBLE.PROCFIL.OATA.TAPE.NsT, 

EACH  ENTRY  IN  THE  ‘BEGIN*  STATEMENT  IS  EXPLAINED  AS 
FOLLOWSI 

,  BEGIN  -  START  THE  PROCEDURE 

,  CRUMBLE  -  PROCEDURE  NAME  TO  BE  STARTED 

.  PROCFIL  -  FILE  ON  WHICH  THE  PROCEDURE  RESIDES 

,  DATA  -  NAME  OF  FILE  TO  BE  CRUMBLED  CDEFAULT  NAMEI 
DATA)  . 

.  TAPE  -  FIRST  U  CHARACTERS  OF  THE  NAME  OF  EACH  PIECE 
OF  THE  CRUMBLED  FILE.  CDEFAULT  NAMEI  TAPE*.  NOTE 
THAT  THE  MAXIMUM  NUMBER  OF  CHARACTERS  IN  THIS  NAME 
IS  7. 

.  N=7  -  HOW  MANY  PIECES  ARE  ON  THE  FILE  <OATA> 
CDEFAULT  NUMBER!  7» 


AFTER  the  EXECUTION  OF  THIS  •BEGIN*.  YOU  MILL  HAVE 
the  FOLLOWING  ‘LOCAL*  FILES  AT  YOUR  TERMINAL!  PROCFIL, 
DATA,  TAPEl,  TAPE2,  TAPES,  TAPE4,  TAPES,  TAPES,  TAPE7. 
IF  THE  <OATA»  FILE  WAS  INDEED  PRODUCED  BY  ‘DFLSIFT*,  THE 
<TAPEI>  WILL  CONTAIN  THE  DISPLACEMENTS  FOR  DEGREE  OF 
FREEDOM  I  OP  THE  STRUCTURE.  YOU  MAY  PROCESS  THESE  AS 
YOU  WISH,  TYPICALLY,  YOU  MIGHT  WANT  TO  ORAM  CONTOURS 
USING  ONE  OF  THE  CONTOUR  PLOTTERS  CE.G. ,  *CONT*» 
AVAILABLE  ON  THE  SYSTEM, 
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8.3  'HOLO* 


•HOLD*  HAS  WRITTEN  TO  SIMPLIFY  THE  CATALOGING  OF 
RESTART  FILES  AND  TO  FACILITATE  THE  USE  OF  A  UNIFORM 
IDENTIFIER  FDR  ALL  THE  FILES  ASSOCIATED  WITH  A  NONLINEAR 
ANALYSIS. 

•SU3STPC*  USES  THE  FILES  <TAPE2>,  <TAPE3>t  <TAPEL>, 
AND  <TAPE8>  FOR  RESTARTING  A  NONLINEAR  ANALYSIS.  IT 
ALSO  PRODUCES  <TAPE61>  CONTAINING  THE  DISPLACEMENT 
VECTOR.  AND  <TAPE62>  AND  <TAPE63>  CONTAINING  THE  STRESS 
VALUES  FOR  EACH  LOAD  INCREMENT.  'HOLD*  PERMITS  ALL  OF 
these  files  TO  BE  SAVED  WITH  A  SIMILAR  PERMANENT  FILE 
NAME  FOR  EASY  IDENTIFICATION  AND  FOR  SIMPLE  PROCESSING 
BY  THE  PROCEDURE  'RESTART*.  IT  HANDLES  ALL  REOUESTS  FOR 
PERMANENT  FILE  SPACE.  SO  YOU  NEED  NOT  MAKE  ANY  SEPARATE 
REQUESTS  FOR  THIS. 

NOTE  THAT  THE  DTNSRDC  COC  PERMANENT  FILE  SYSTEM 
PERMITS  UP  TO  FIVE  'CYCLES*  OF  PERMANENT  FILES  WITH  THE 
SAME  NAME.  THUS,  THE  SAME  'HOLD*  STATEMENT  IS  USABLE  A 
MAXIMUM  OF  FIVE  TIMES.  FURTHERMORE.  YOU  SHOULD  OBSERVE 
THE  SIZES  OF  THE  FILES  PRODUCED  BY  'SUBSTRC*  AND  STORE 
THEM  IN  the  MOST  ECONOMICAL  PLACE  WHEN  THE  ANALYSIS  IS 
COMPLETE.  THIS  MAY  BE  MAGNETIC  TAPE  OR  PRIVATE 
OISKPACK. 


8.3.1  EXECUTION 


•HOLD*  IS  EXECUTED  AFTER  THE  ANALYSIS  OF  THE 
MATHEMATICAL  MODEL  BY  'SUBSTRC*. 


JO  3 . .  . . 

CHARGE.... 

ATTACH,NEWIN,Y0URNEWINFILE,ID=Y0UR. 
ATTACH. SUBSTRC. ID=CSPR. 
ATTACH,PR0CFIL.CCLLI8,ID=CSP0. 

SUBSTRC, NEWIN, 

BEGIN, HOLD. PROCFIL, 

TITLELESSTHAN32CHARACTERS.ID=Y0UR. 
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EACH  ENTRY  IN  THE  •BEGIN*  STATEMENT  IS  EXPLAINED  AS 
FOLLOMSI 

.  BEGIN  -  START  THE  PROCEDURE 

.  MOLD  -  PROCEDURE  NAHE  TO  BE  STARTED 

.  PR3CFIL  -  FILE  ON  WHICH  THE  PROCEDURE  RESIDES 

.  TITLELESSTHAN32CHARACTERS  -  A  STRING  OF  UP  TO  32 
CHARACTERS  DESCRIPTIVE  OF  THE  ANALYSIS.  ALL  FILES 
CATALOGED  BY  'HOLD*  WILL  HAVE  THIS  STRING  AS  THE 
PREFIX,  AND  THE  STRINGS  'TAPE*  AND  'XX*  APPENDED  AS 
THE  permanent  FILE  NAME.  *XX*  IN  THIS  CASE  IS  THE 
NUMBER  OF  THE  TAPE  TO  BE  CATALOGEOl  EITHER  2,  3,  4, 
8.  51,  62,  OR  63.  FOR  EXAMPLE,  THE  STATEMENT  AS 
WRITTEN  ABOVE  WOULD  CATALOG  THE  FILES 


TITLELESSTHAN32CHARACTERSTAPE2 

TITLELESSTHAN32CHARACTERSTAPE3 

TITLELESSTHAN32CHARACTERSTAPEt 

TITLELESSTHAN32CHARACTERSTAPE8 

TITLELESSTHAN32CHARACTERSTAPE61 

TITLELESSTHAN32CHARACTERSTAPE62 

TITLELESSTHAN32CHARACTERSTAPE63 

.  IO=YOUR  -  ENTER  YOUR  USER  IDENTIFIER 
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8.4  'RESTART* 


•RESTART*  HAS  WRITTEN  TO  SIMPLIFY  THE  RESTART  OF 
NONLINEAR  *SU8STRC*  ANALYSES.  AND  TO  FACILITATE  THE  USE 
OF  A  UNIFORM  IDENTIFIER  FOR  ALL  OF  THE  FILES  ASSOCIATED 
WITH  A  NONLINEAR  ANALYSIS.  *RESTART*  OBTAINS  THE  FILES 
<TAPE2>»  <TAPE3>.  <TAPE4>  AND  <TAPE8>  NECESSARY  FOR 
RESTARTING  THE  *SU8STRC*  ANALYSIS  THROUGH  THE  EXECUTION 
OF  A  SINGLE  CONTROL  CARO. 

*RESTART*  IS  EXECUTED  PRIOR  TO  THE  RESTART 
ANALYSIS. 


8.4.1  EXECUTION 


JG  3 • . .  . 

CHARGE.... 

ATTACH,PROCFIL.CCLLlB.IO=CSRO. 

BEGIN, RESTART. PROCFIL. 

TITLELESSTHAN32CHARACTERS. IDs YOUR, 

attach,in.yourrestartinput.id=your. 

ATTACH, SU8STRC, ID=CSPR, 

SUaSTRC.IN, 

EACH  ENTRY  IN  THE  'BEGIN*  STATEMENT  IS  EXPLAINED  AS 
FOLLOHSI 

.  BEGIN  -  START  THE  PROCEDURE 

.  RESTART  -  PROCEDURE  NAME  TO  BE  STARTED 

.  PROCFIL  -  FILE  ON  WHICH  THE  PROCEDURE  RESIDES 

,  TITLELESSTHAN32CHARACTERS  -  A  STRING  OF  UP  TO  32 
CHARACTERS  DESCRIPTIVE  OF  THE  ANALYSIS,  THIS  IS 
MOST  EASILY  OBTAINED  FROM  THE  EXECUTION  OF  THE 
PROCEDURE  'HOLD*  AFTER  AN  EARLIER  ANALYSIS  STEP. 
NOTE  that  THIS  STRING  MUST  MATCH  THE  NAMES  OF  SOME 
PERMANENT  FILES  CATALOGED  ON  THE  SYSTEM,  FOR 
EXAMPLE,  THE  STATEMENT  ABOVE  WOULD  ATTEMPT  TO 
ATTACH  THE  FOLLOWING  FILESI 


142 


PROCEDURES 
•RESTART*  EXECUTION 


TirLELESSTHAN32CHARACTERSTAPE2 

TITLELESSTHAN32CHARACTERSTAPE3 

TirLELESSTHAN32CHARACTERSTAPE^‘ 

TITLELESSTHAN32CHARACTEPSTAPE8 

•  IO=TOUR  -  USER  IDENTIFIER  UNDER  WHICH  THE  FILES 
HAVE  BEEN  CATALOGED.  {DEFAULT  IDt  CSRO) 
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•REVISE* 


REVISE  RESTART  FILES 
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REVISE 

INTRODUCTION 


9.1  INTRODUCTION 


•REVISE*  NAS  WRITTEN  TO  PERMIT  YOU  TO  ALTER  THE 
NEXT  INCREMENT  OF  PRESSURE  LOADING  AND  TO  CHANGE  THE 
DEGREE  OF  FREEDOM  BEING  MONITORED  AS  THE  CONVERGENCE 
CRITERION. 

THE  PROGRAM  'SUBSTRC*  SOLVES  NON-LINEAR  PROBLEMS  IN 
AN  INCREMENTAL  FASHION.  YOU  PROVIDE  A  SCHEDULE  OF  LOAD 
FACTORS  WHICH  ARE  APPLIED  TO  THE  PREVIOUS  LOAD  FACTOR  TO 
PRODUCE  A  TOTAL  LOAD  STATE  ON  THE  MATHEMATICAL  MODEL. 
AOOITIOIIALLY*  THE  DISPLACEMENT  VECTOR  FOR  THE  NEXT 
INCREMENT  OF  LOAD  IS  "GUESSED”  BY  LINEAR  EXTRAPOLATION 
TO  ATTEMPT  TO  REDUCE  THE  AMOUNT  OF  COMPUTING  NECESSARY 
TO  ATTAIN  CONVERGENCE.  'REVISE*  IS  A  FAST  HAY  TO  MODIFY 
THE  RESTART  TAPE  TO  PRODUCE  THE  APPROPRIATE  RESTART 
CONDITION.  this  MAY  BE  NECESSARY,  FOR  EXAMPLE,  WHEN 
CONVERGENCE  IS  NOT  ATTAINEO  AT  A  LOAD  STEP,  AND  YOU  WISH 
TO  SUPPLY  ONLY  A  FRACTION  OF  THE  NEXT  LOAD  STEP.  BEFORE 
•REVISE*  WAS  WRITTEN,  THE  ENTIRE  PREVIOUS  ANALYSIS  STEP 
IN  'SUBSTRC*  HAD  TO  BE  RUN  TO  PRODUCE  THE  PROPER  RESTART 
TAPE. 


CONVERGENCE  TO  AN  EQUILIBRIUM  POSITION  AT  SOME  LOAD 
LEVEL  IS  determined  BY  THE  DIFFERENCE  BETWEEN  THE 
DISPLACEMENTS  OF  THE  STRUCTURE  AFTER  ITERATION  I  AND 
ITERATION  I4-1.  THE  MEASURE  USED  IS  THE  DISPLACEMENT  OF 
SOME  USER  SPECIFIED  NODE  AND  DEGREE  OF  FREEDOM  CYOU 
ESSENTIALLY  SPECIFY  THE  DEGREE  OF  FREEDOM  AT  WHICH  THE 
INFINITY  NORM  OF  THE  DISPLACEMENT  VECTOR  OCCURS!. 
DURING  OEFORMATION  OF  THE  STRUCTURE,  THE  DEGREE  OF 
FREEDOM  WHICH  HAS  THE  LARGEST  DISPLACMENT  MAY  CHANGE  DUE 
TO  THE  ASSUMPTION  OF  DIFFERENT  MODE  SHAPES  BY  THE 
STRUCTURE.  HENCE,  IT  MAY  SOMETIMES  BE  NECESSARY  FOR  YOU 
TO  CHANGE  THE  DEGREE  OF  FREEDOM  BEING  MONITORED  FROM 
LOAD  INCREMENT  TO  LOAD  INCREMENT.  'REVISE*  PERMITS  THIS 
MODIFICATION,  WHEREAS  THE  USE  OF  'SUBSTRC*  ALONE  WOULD 
NOT. 


•REVISE*  FITS  INTO  A  NONLINEAR  ANALYSIS  AS  FOLLOWSI 

1.  PREPARE  INPUT  DATA  FOP  'WABS*. 

2.  RUN  'WABS',  SAVE  FILE  <NEHIN>, 

3.  PUN  'SUBSTRC*,  SAVE  RESTART  TAPES  (SEE 
PROCEDURES  'HOLD*  AND  'RESTART'.  CHAPTER  81. 
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INTRODUCTION 


4.  EXAMINE  'SUBSTRC*  OUTPUT  FOR  CONVERGENCE. 

IF  ANALYSIS  IS  COMPLETE*  STOP. 

IF  THE  LOAD  STEP  MUST  BE  HOOIFIEO*  OR  THE 
MONITORED  NODE  CHANGED.  RUN  'REVISE*.  MOOIFYING 
THE  LAST  FILE  WRITTEN  BY  'SUBSTRC*  AS  EITHER 
<TAPE3>  OR  <TAPE8>. 

5.  GO  TO  STEP  3. 

•REVISE*  IS  WRITTEN  IN  'RATIONAL  FORTRAN'  (RATFORI 
AND  IS  MODULAR  IN  CONSTRUCTION.  IT  MAY  THUS  BE  EASILY 
EXTENDED  TO  INCORPORATE  OTHER  FEATURES  YOU  MAY  DESIRE. 

'REVISE*  IS  TOO  LARGE  TO  RUN  AS  AN  INTERACTIVE  JOB 
ON  THE  OTNSROC  COC6COC  COMPUTERS*  AND  MUST  BE  RUN  AS  A 
BATCH  JOB. 


9.2  FILES 

THE  FOLLOWING  FILES  ARE  USED  BY  'REVISE' I 


INPUT 

USER  INPUT. 

OUTPUT 

USER  MESSAGES 

OLOTAP 

RESTART  TAPE  TO  BE 
<TAPE3>  OR  <TAPE8>» 

MODIFIED 

(EITHER 

MEWTAP 

MODIFIED  RESTART  TAPE 

zzzxxx 

SCRATCH  FILE  TO  TEMPORARILY 

SUBSTRUCTURE  DISPLACEMENTS 

STORE 
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EXECUTIOfI 


9.3  EXECUTION 


9.3.1  AS  A  aATC»^  JOB 


TO  RUN  'REVISE* ♦  ONE  MAY  EXECUTE  THE  FOLLOWING 
CONTROL  CAROSI 


JOB,CM77000. .  .  . 

CHARGE. YOUR. GOBBLYGOOK. 

ATTACH.0L0TAP.YOURRESTARTTAPE30R8,ID=Y0UP. 

ATTACH.IN.Y0UP9EVISEINPUTFILE.ID=Y0UR. 

ATTACH.REVlSE.IO=CSPR. 

REQUEST. NEWTAP.*PF. 

REVISE. IN. 

CATAL0G.NEWTAP,Y0URRESTARTTAPE30R8REVISE0.ID=Y0UR. 


9.3.2  INTERACTIVE 


NOT  POSSIBLE  BECAUSE  'REVISE*  IS  TOO  LARGE. 


9.3.3  DEFAULT  EXECUTION 


THE  DEFAULT  EXECUTION  OF  'REVISE*  ISl 


RE VISE. INPUT. OUTPUT, OLOTAP. NEWT AP.ZZZXXX. 
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9.4  USER  INPUT 


THE  'REVISE*  INPUT  FILE  IS  MADE  IN  TWO  PARTSI  PART 
ONE  DESCRIBES  THE  MODIFICATIONS  NECESSARY  TO  <OLDTAP>, 
AND  PART  TMO  IS  COMPRISED  OF  thE  INTERMEDIATE  FILE 
<NEWIM>  PRODUCED  BY  •WABS*.  THE  TWO  FILE  PARTS  APE 
SEPARATED  WITH  A  7/8/9  CARO, 


9.4.1  <INPUT>  FILE,  PART  1 


INPUT  data  ARE  FREE  FORMAT,  SEPARATED  BY  A  COMMA  OR 
PLANKCSI.  THERE  ARE  TWO  TYPES  OF  DATA  EXPECTED  AS 
INPUT!  INTEGER,  AND  REAL.  AN  INTEGER  IS  ENTERED  WITHOUT 
A  DECIMAL  POINT.  A  REAL  IS  ENTERED  WITH  OR  WITHOUT  A 
DECIMAL  POINT  CANO  ‘^AY  BE  IN  EXPONENTIAL  EORM)  .  THE 
DATA  TYPES  ARE  INDICATED  IN  THE  INPUT  DESCRIPTIONS  AS 
*1*  FOR  INTEGER,  AND  *R*  FOR  REAL. 


DATA 

notes  type  VAPIABLE 


Cl) 

CARO  1.1 

C£) 

R  FACOLO 

PRESSURE 

FACTOR 

IN 

PREVIOUS 

RUN 

R  FACNFW 

PRESSURE 

APPLIED 

FACTOR  TO 

BE 

149 


REVISE 

<INPIJT>  FILE,  PART  1 


(3) 

CARO 

1.2 

I 

NEWNOO 

NEW  NODE  NUMBER  TO  BE 

MONITORED 

I 

NEWDOF 

DEGREE  OF  FREEDOM  AT 

•NEWNOD*  TO  BE  MONITORED 

CARD 

1.3 

(5)  7/«/9  CARD 


NOTESI 

1.  THIS  CARO  IS  ALWAYS  REQUIRED. 

2,  'SUgSTRC*  INCREASES  THE  LOADING  ON  THE 

MATHEHATICAL  HOOEL  IN  INCREMENTS  WHICH  ARE 
OBTAINED  FROM  PREVIOUS  PRESSURE  LOADING 

INCREMENTS.  FOR  EXAMPLE,  ASSUME  THE  LOADING 
SFOUENCE  ON  THE  MODEL  IS  TO  BE  1000.  2000,  3CCC 
AND  UOOO  PSI.  ASSUME  FURTHER  THAT  THE  INITIAL 
PUN  WILL  BE  MADE  THRU  3000  PSI,  WITH  A  RESTART 
TAPP  THEN  READY  TO  EXECUTE  A  LOAD  STEP  OF  40CC. 
THE  INPUT  DATA  TO  »SUBSTRC»  NECESSARY  TO 
PRODUCE  THIS  LOADING  HISTORY  REQUIRES  THAT  THE 
INITIAL  LOAD  CIOOO  PSI »  BE  APPLIED  IN  THE 
APPROPRIATE  SUBSTRUCTURES  THRU  THE  USE  OF 
PITHER  DISTRIBUTED  OR  CONCENTRATED  LOADS,  AND 
THE  FOLLOWING  INPUT  PROVIDED  IN  THE  *SUBSTRC* 
LOADING  HISTORY  BLOCK  (SEE  CHAPTER  131  I 


PROPORTIONAL  INCREMENT 

1.0 

PROPORTIONAL  INCREMENT 

1.0 

PROPORTIONAL  INCREMENT 

1.0 
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LETTING  •LOAOI*  INDICATE  THE  LOAD  VALUE  AT  STEP 
I  AND  'DELLOAni*  AS  THE  LOAD  INCREMENT  FROM 
*LOAni»  TO  *LOAOI*l*,  WE  SHOW  THAT  'SU8STPC* 
USES  VALUES  OF  'FACTO'  TO  INCREASE  THE  LOAD 
LEVELS  AS  FOLLOMSI 


LOADl  =  OELLOAOl  =  1000 

LOADZ  =  LOADl  *■  CFACTO^OELLO ADI > 

=  loco  ♦  (  i.o^iroo  » 

=  20C0 

0ELL0A02  =  FACTO^OELLOAOl  =  1,0  *  1000  =  1000 

L0AD3  =  LOAD2  «•  0FLL0AD2  =  2DuC  ♦  100  0  =  3000 

OELLOAD3  =  F ACTO*DELLOAD2  =  1,3  •  1000  =  lOOC 

LOAOJf  =  LOAD3  «•  0ELL0AD3  =  3CCC  ^  1000  =  4C0C 


ASSUME  NOW  THAT  THE  ANALYSIS  HAS  PROCEEDED  UP 
THRU  3000  PSI  AND  THE  RESTART  TAPES  ARE  READY 
FOR  ANALYSIS  AT  !»000  PSI,  WE  DETERMINE  FRDM  AN 
EXAMINATION  OF  THE  STRUCTURAL  BEHAVIOR, 
HOWEVER,  THAT  HE  WOULD  RATHER  PERFORM  AN 
ANALYSIS  AT  350C.  THIS  LOADING  WOULD  REQUIRE  A 
•FACTO'  OF  0,5  RATHER  THAN  l,0t  THUS,  'FACOLO' 
IS  ENTERED  AS  1,0,  AND  'FACNEW'  IS  ENTERED  AS 
0,5, 


3,  THIS  CARO  IS  OPTIONAL,  IF  IT  IS  NOT  DESIRABLE 
TO  CHANGE  THE  MONITORED  DEGREE  OF  FREEDOM,  YOU 
SHOULD  OMIT  THIS  CARD, 


4,  'NEWNOO'  MUST  OCCUR  IN  THE  FIRST  SUBSTRUCTURE, 

5,  the  SYMBOL  '7/8/9*  MEANS  THAT  A  7,  AN  8  AND  A  9 
ARE  PUNCHED  IN  THF  SAME  CARD  COLUMN  (USING  THE 
MULTIPUNCH  FEATURE  OF  THE  KEYPUNCH  MACHINE!, 
7/8/9  IS  PUNCHED  IN  COLUMN  1  TO  PROVIDE  THE 
NECESSARY  <INPUT>  FILE  PART  SEPARATOR, 

IT  IS  PROBABLY  EASIEST  TO  COMPOSE  THE  <INPUT> 
FILE  FROM  AN  INTERACTIVE  TERMINAL  USING  ONE  OF 
THE  SYSTEM  EDITORS,  IF  YOU  USE  'NETED',  THE 
7/8/9  CARO  IS  REPRESENTED  BY  THE  3  CHARACTERS 
'EOF'  TYPED  BEGINNING  IN  COLUMN  1  OF  A  LINE, 
IF  YOU  USE  'EDITOR*  (NOT  RECOMHEN OED) ,  THE 
7/8/9  CARO  IS  REPRESENTED  BY  THE  4  CHARACTERS 
'•EOF'  TYPED  BEGINNING  IN  COLUMN  1  OF  A  LINE, 
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<INPJT>  FILE,  PART  2 


9.4,2  <INPUT>  FILE,  PART  2 


PART  2  3F  THE  <INPUT>  FILE  IS  COMPRISED  OF  THE 
FIRST  9  CAROS  OF  THE  •MASS*  INTERMEDIATE  FILE  <NEHIN>, 
USING  OME  OF  THE  SYSTEM  EDITORS,  THESE  CAROS  MAY  EASILY 
BE  APPENDED  TO  PART  1  OF  THE  <INPUT>  FILE  AND  SAVED. 
VALUES  NHICH  APPEAR  IN  THE  OUTPUT  OF  THE  PREVIOUS 
ANALYSIS  WITH  'SUBSTRC'  SHOULD  BE  USED  HERE,  BRIEFLY, 
WITH  NO  further  EXPLANATION  OF  THESE  DATA,  ME  PRESENT 
THE  CONTENTS  OF  THESE  CAROS,  NOTE  THAT  THIS  FILE  IS  NOT 
(THAT  ISI  NOT! I  FREE  FORMAT,  ALL  NUMBERS  ARE  INTEGERS 
(WITH  THE  EXCEPTION  OF  THE  FIRST  CAROI  AND  MUST  BE 
ENTERED  RIGHT  JUSTIFIED  IN  THE  FIELDS  SPECIFIED,  IN  THE 
DESCRIPTION  BELOW,  THE  DATA  TYPE  NOW  REFERS  TO  THE 
COLUMNS  WHICH  THE  DATA  ARE  TO  OCCUPY, 


DATA 

NOTES  TYPE  VARIABLE 


CARP 

2,1 

1-75 

LABEL 

76  COLUMNS  OF  TITLE 

CARO 

2,2 

1-10 

M AXALL 

SIZE  OF  COMMON  7SPACE/ 

11-15 

lOIM 

GO/NOGO  SWITCH 

16-20 

IRDl 

LENGTH  OF  INDEX 

<TAPE12> 

FOR 

21-25 

IR02 

length  of  index 

<TAPE14> 

FOR 

26-30 

INEW 

FLAG  FOR  NEW  ITERATIVE 

PROCEDURE 
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<INPUT>  FILE.  PART  2 


CARO 

2.3 

1-5 

NELTYP 

NUMBER 

OF  ELEMENT 

6-10 

J1 

ELEMENT 

TYPE  1 

11-15 

J2 

ELEMENT 

TYPE  2 

16-20 

J3 

ELEMENT 

TYPE  3 

CARO  2.L 


1-5 

ISI 

flag  for  large 

DISPLACEMENT  ANALYSIS 

6-10 

IRESIO 

NOT  USED 

11-15 

KINHRO 

FLAG  FOR 

HARDENING 

KINEMATIC 

16-20 

LODCOR 

flag  for  load 

CORRECTION 

CARO  2.5 


1-5 

ICPT 

MATRIX  SOLUTION  FLAG 

6-10 

MAXNP 

MAXIMUM  NODAL  CONNECTIVITY 

11-15 

MAXSH 

MAXIMUM  NODAL  BANOWIDTH/2 

16-20 

MXPO 

NUMBFR  OF  IN-STORE  ROMS  OF 

stiffness  matrix 

21-25 

lELAS 

ELASTIC  STORAGE  FLAG 

26-30 

IPPOLO 

FLAG  FOR  BUILDING 

SUBSTRUCTURE  TAPE 

31-35 

ITIEM 

NUMBER  OF  TIES 

36-40 

ISTYPM 

NUMBER  OF  TYPES  OF  TIES 
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LONCTM 

NUMBER  OF  RETAINED 
PLUS  1 

NODES 

46-53 

NUMDTS 

NUMBER  OF  TYPES 

DISTRIBUTED  LOADS 

OF 

CA^D 

1  2.6 

1-5 

MFSHR 

INPUT  TAPE  number 

6-10 

IPLflT 

NOT  USED 

11-15 

IRSTRT 

NOT  USED 

16-20 

lELSTO 

ELEMENT  STORAGE  FLAG 

21-25 

lO^V 

DEBUGGING  SWITCH 

26-30 

IFULL 

NOT  USED 

31-35 

lOFF 

STRESS  PRINTOUT  FLAG 

36-40 

IBUILD 

BUILD  substructure 

FLAG 

TAPE 

41-45 

ICUR 

BUILD  SUBSTRUCTURE 

FLAG 

TAPE 

*♦6-50 

DEPOflCH 

debugging  switch 

CARO 

1  2.7 

1-5 

NUMEL 

MAXIMUM  ELEMENTS  IN  A 

SUBSTRUCTURE 

6-10 

NUMMP 

MAXIMUM  NODES  IN  A 

SUBSTRUCTURE 

11-15 

NUMBC 

MAXIMUM  BOUNDARY 
CONDITIONS  IN  A 
SUBSTRUCTUR=’ 

16-2C 

NSTRES 

STRESS  LOCATION  FLAG 

21-25 

DUMMY 

NOT  USED 
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26-30 

N8CTMX 

HAXIMUH  BOUNDARY  CONDITION 
TRANSFORMATIONS  IN  A 
SUBSTRUCTURE 

31-35 

MPTPMX 

MAXIMUM  transformations 

A  substructure 

IN 

CAR3  2.8 

1-5 

MPRHAX 

maximum  pressure  loads 
A  substructure 

IN 

6-10 

NPTMAX 

MAXIMUM  INTERNAL  NODES 
A  SUBSTRUCTURE 

IN 

11-15 

NPBHAX 

MAXIMUM  NODES  ON 

SUBSTRUCTURE  EDGE 

A 

16-20 

NUMHAX 

MAXIMUM  NODES  IN 

SUBSTRUCTURE 

A 

21-25 

NSTCON 

NUMBER  OF  SUBSTRUCTURES 

26-30 

NTPBO 

TOTAL  NODES  ON  EDGFS 

31-35 

NNIHTN 

MINIMUM  NUMBER  OF  INTERNAL 
NODES  IN  A  SUBSTRUCTURE 

36-«tO 

HAX8H0 

MAXIMUM  half-bandwidth 

INTEPSUBSTRUCTURE 

CONNECTIVITY 

OF 

41-1.5 

ISU9XP 

MATRIX  SOLUTION  FLAG 

46-50 

ITEN 

NOT  USED 
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CA?3  2.9 


1-5 

MASTRS 

MATRIX  SOLUTION  FLAG 

•  6-10 

LASTRS 

SUBSTRUCTURE  RESTART  FLAG 

11-15 

Q 

NUMBER  OF  RESTART  TAPE 

16-20 

0 

NUMBER  OF  RFSTART  TAPE 

21-25 

IP»OV 

MATRIX  SOLUTION  FLAG 

26-3C 

ISUBPR 

PRINT  SUPPRESSION  FLAG 

31-35 

JELl 

NONLINEAR  SOLUTION  FLAG 

9.5  LIMITATIONS  AND  REMARKS 


1.  IT  MOULD  BE  INSTRUCTIVE  TO  READ  THE  'REVISE* 
OROGPAM  TO  APPRECIATE  THE  'SUBSTRC »  RESTART 
FILE  STRUCTURE. 

2.  MINIMUM  FIELD  LENGTH  TO  EXECUTE  'REVISEM 
APPROXIMATELY  65000  WORDS. 

3.  MACHINEI  CDC  60CO 

4.  TIME  ESTIMATEI  0.1  SECOND  PER  ELEMENT 

5.  PROGRAM  MAINTENANCE!  'REVISE'  IS  WRITTEN  IN 

RATIONAL  FORTRAN  AND  IS  MAINTAINED  BY  THE 
AUTHOR.  THE  SOURCE  CODE  IS  LOCATED  IN  THE 
UPDATE  LIBRARY  REVISEPL  ,ID=CSRO.  THE 

RELOCATABLE  LIBRARY  IS  LOCATED  IN  THE  EOITLIB 
LIBRARY  REVISELIB  ,ID=CSRO.  THE  UPDATE 
LIBRARY,  THE  EOITLIB  LIBRARY,  AND  THE  ABSOLUTE 
EXECUTABLE  CODE  IS  ALSO  MAINTAINED  ON  THE 
PRIVATE  DISK  0V4717  AT  THE  DTNSRDC  COC6UOO, 
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SHELLX 

INTROOUCTIOM 


10.1  introduction 


•SHELLX*  WAS  WRITTEN  TO  ASSIST  IN  THE  PREPARATION 
OF  COOROIMATE  DATA  FOR  THE  ISOPARAMETRIC  SHELL  ELEMENTS 
IN  THE  'HARC*  PROGRAMS.  THE  GEOMETRIC  DEFINITION  AND 
THE  DISPLACEMENT  FUNCTION  FOR  SHELL  ELEMENTS  8  (DUPUIS 
TRIAMSLEI  ANO  20  (JONES  QUAORILATERALI  ARE  WRITTEN  IN 
TERMS  OF  TWO  COORDINATES  WHICH  MEASURE  SOME  PARAMETER 
INTRINSIC  TO  THE  SURFACE.  THREE  COORDINATES  WHICH  DEFINE 
THE  POSITION  OF  THE  NODE  IN  SPACE.  AND  SIX  OTHER 
COORDINATES  WHICH  DESCRIBE  THE  GEOMETRY  OF  THE  SHELL 
SURFACE  IN  TERMS  OF  DERIVATIVES.  THERE  ARE  THEREFORE  A 
TOTAL  OF  ELEVEN  COORDINATES  REQUIRED  FOR  EACH  SHELL 
NODE.  BECAUSE  OF  THE  RATHER  LARGE  NUMBER  OF  COORDINATES 
REQUIRED  FOP  THESE  ELEMENTS  'SHELLX*  SHORTENS  THE  TIME 
NECESSARY  TO  PREPARE  THIS  DATA  ANO  ENSURES  THAT  IT  IS 
EXPRESSED  IN  THE  PROPER  TERMS. 

•SHELLX*  IS  WRITTEN  IN  'RATIONAL  FORTRAN*  (RATFORI 
ANO  IS  MODULAR  IN  CONSTRUCTION.  IT  IS  QUITE  EASY  TO 
MODIFY.  SHOULD  ADDITIONAL  SURFACE  REPRESENTATIONS  BE 
REQUIRED  IN  THE  FUTURE. 

•SHELLX®  MAS  DESIGNED  TO  BE  RUN  FROM  AN  INTERACTIVE 
TERMINAL  IN  A  'REMOTE  BATCH*  MODE,  BUT  IT  WILL  ALSO  RUN 
AS  A  BATCH  JOB.  INPUT  DATA  ARE.  FOR  THE  MOST  PART.  FREE 
FORMAT. 
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FILES 


1C. 2  FILES 


THE  FOLLOWING  FILES  ARE  USED  BY  'SHELLXM 

»  USER  INPUT.  THIS  FILE  IS  NOT  REWOUND. 

B  CONTAINS  THE  11  COORDINATES  NEEDED  FOR 

EACH  NODE.  REWOUND  BEFORE  AND  AFTER 
EXECUTION. 

OUTPUT  PRINTED  OUTPUT 


10.3  USER  INPUT 


INPUT  IS  HANDLED  WITH  DIRECTIVES  AND  DATA  CAROS 
ASSOCIATED  THEREWITH.  INPUT  DATA  ARE  FREE  FORHAT, 
SEPARATED  BY  A  COMHA  OR  BLANKISI.  THERE  ARE  THREE  TYPES 
OF  DATA  EXPECTED  AS  iNPUTt  INTEGER,  REAL  AND  ALPHABETIC. 
AN  INTEGER  IS  ENTERED  WITHOUT  A  OECIHAL  POINT,  A  REAL  IS 
ENTERED  WITH  OR  WITHOUT  A  DECIMAL  POINT  (AND  MAY  BE  IN 
EXPONENTIAL  FORMI.  ALPHABETICS  ARE  USED  FOR  INPUTTING 
THE  DIRECTIVES.  THE  DATA  TYPES  ARE  INDICATED  IN  THE 
INPUT  DESCRIPTIONS  AS  »!•  FOR  INTEGER,  'R*  FOR  REAL,  AND 
•A*  FOR  ALPHABETIC, 

INPUT  DATA  ARE  THE  LEAST  POSSIBLE  REDUIREO  TO 
COMPLETELY  DEFINE  THE  SURFACE.  NOTE,  HOWEVER,  THAT  A 
BLANK  IS  NOT  THE  SAME  AS  A  ZERO! 


10.3.1  FORMAT  OF  THE  FILE  <A> 


THE  INPUT  FILE  <A>  CONTAINS  DIRECTIVES  AND  INPUT 
DATA  IN  THIS  ORDER! 

1,  THE  »OLO»  DIRECTIVE,  IF  DESIRED.  OTHERWISE, 
OMIT  THIS  CARO. 

2.  THE  'ORIGIN*  DIRECTIVE  AND  ITS  ASSOCIATED  DATA, 
IF  THE  ORIGIN  OF  YOUR  SURFACE  COINCIDES  WITH 
THF  GLOBAL  ORIGIN,  OMIT  THIS  SET  OF  DATA 
COMPLETELY, 
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USER  INPJT  -  FORMAT  OF  <A> 


3.  ONE  OF  THE  SURFACE  HAPPING  DIRECTIVES*  FOLLOWED 
BY  ITS  ASSOCIATED  DATA  CARDS. 

k,  AN  ENO-OF-RECORD  C7/8/9  CARO)  TO  CONCLUDE  THE 
data 


10.3.2  DIRECTIVES 


THE  FOLLOWING  DIRECTIVES  ARE  AVAILABLE  IN  'SHELLY*! 


AXISYM 


MAP  COORDINATES  TO  AN 

AXISYMMETRIC  SURFACE 


CPLATE  NAP  COORDINATES  TO  A  PLATE 

DESCRIBED  IN  A  CARTESIAN 
fRECTANGULAR)  COORDINATE  SYSTEM 


CYLINDER 


MAP  COORDINATES  TO  A  CIRCULAR 
CYLINDER 


SENERALCYL 


MAP  COORDINATES  TO  A  CYLINDER 
OF  GENFRAL  CROSS  SECTION 


MOOESHAPE 


MAP  COORDINATES  TO  AN 

OUT-OF-ROUNO  CYLINDER 


OLD 


PRODUCE  FILE  <B>  IN  THE  'OLD* 
FORMAT. 


ORIGIN  SET  THE  ORIGIN  OF  THE 

COORDINATE  SYSTEM  OTHER  THAN 

0*0*3. 

PPLATE  MAP  COORDINATES  TO  A  PLATE 

USING  A  POLAR  COORDINATE  SYSTEM 


TORUS 


MAP  COORDINATES  TO  A  TORUS 


20FXY 


MAP  COORDINATES  TO  A  SURFACE 
GIVEN  IN  the  form  Z=Z(X,Y) 
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10.3.3  THE  OLD  DIRECTIVE 


THERE  ARE  2  FORMATS  AVAILABLE  FOR  OUTPUT  FROM 
•SHELLX*.  THE  •NEW*  FORMAT  IS  COMPATIBLE  WITH  THE 
PREPROCESSING  PROGRAM  'WABS*.  AND  HAS  THE  FORTRAN  FORMAT 
CI5,7F10.5/tFin,5l ,  THE  'OLD*  FORMAT,  WHICH  IS 
COMPATIBLE  WITH  THE  INTERMEDIATE  FILE  <NEWIN>,  HAS  THE 
FORTRAN  FORMAT  ( 15 , 6F10. 5/5F10. 5 ) .  THE  DEFAULT  FORMAT 
IS  'NEW*,  AND  IS  AUTOMATICALLY  PROVIDED.  IF  YOU  WISH 
DATA  IN  THE  •OLD*  FORMAT,  CWHICH  IS  THEREFORE  COMPATIBLE 
WITH  •MARCCDC*  AND  •TRAINS'I,  YOU  MUST  INPUT  THE  'OLD* 
DIRECTIVE  AS  THE  FIRST  CARO  ON  FILE  <A>.  OTHERWISE, 
OMIT  IT  ENTIRELY. 

THIS  IS  A  ONE  CARO  DATA  BLOCK. 


DATA 

NOTES  TYPE  VAFIA8LE 


CARO  1 

(1)  A  WORD  'OLD* 


NOTES! 

1.  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUMN  1. 
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1C. 3. 4  THE  ORIGIN  DIRECTIVE 


IT  IS  NOT  ALWAYS  CONVENIENT  TO  DESCRIBE  THE 
GEOMETRY  OF  A  SURFACE  IN  TERMS  OF  A  GLOBAL  COORDINATE 
SYSTEM.  IT  MAY  BE  MORE  CONVENIENT  TO  DESCRIBE  SURFACE 
GEOMETRY  IN  A  LOCAL  SYSTEM  AND  THEN  TRANSLATE  AND  ROTATE 
THE  LOCALLY  DEFINED  COORDINATES  INTO  THE  GLOBAL  SYSTEM. 
the  'ORIGIN*  DIRECTIVE  PERMITS  THIS  RE-ORIENTATION 
THROUGH  THE  OEFINITION  OF  3  POINTS  IN  THE  LOCAL  SYSTEM. 
POINT  PO  IS  THP  LOCAL  ORIGIN.  POINT  PI  IS  A  POINT  ON  THE 
LOCAL  X-AXIS,  ANO  POINT  P2  IS  A  POINT  IN  THE  LOCAL  X-Y 
PLANE. 


IF  NO  REORIENTATION  OF  YOUR  SURFACE  IS  DESIRED,  YOU 
MAY  OMIT  THIS  ENTIRE  SECTION. 


THERE  ARE  A  TOTAL  OF  4  CAROS  IN  THIS  DATA  BLOCK. 


DATA 

NOTES  TYPE  VARIABLE 


CARD  1 


(1) 

A 

WORD 

•ORIGIN* 

(?» 

CARD 

2.  1 

(3) 

R 

XO 

X  COORDINATE 
ORIGIN! 

OF 

PO  (LOCAL 

R 

VO 

Y  COORDINATE 

OF 

PO 

R 

zo 

Z  COORDINATE 

OF 

PO 

162 


SHELLX 

THE  •ORIGIN*  DIRECTIVE 


(2)  CftRO  2,2 


(Wl 

R 

XI 

THE  X  COORDINATE 
PI  (ON  THE  LOCAL 

OF  POINT 
X  AXIS! 

R 

Yl 

THE  Y  COORDINATE 

OF  PI 

R 

Z1 

THE  Z  COORDINATE 

OF  PI 

(21 

CARD 

2,3 

(El 

R 

X2 

THE  X  COORDINATE  OF  P2  (A 
POINT  IN  THE  LOCAL  X-Y 
PLANE! 

R 

Y2 

THE  Y  COORDINATE 

OF  P2 

R 

Z2 

THE  Z  COORDINATE 

OF  P2 

NOTESI 

1.  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUHN  1. 

2.  PUT  3  NUMBERS  ON  THIS  CARO.  A  BLANK  IS  NOT  THE 
SAME  AS  A  ZERO! 

3.  THESE  3  COORDINATES  DEFINING  POINT  PO  ARE  USED 
TO  FORM  THE  OFFSET  VECTOR  COFFSETT  OF  THE  LOCAL 
SYSTEM  FROM  THE  GLOBAL  ORIGIN. 

k,  THESE  3  COORDINATES  DEFINING  POINT  PI  ARE  USED 
TO  DETERMINE  A  UNIT  VECTOR  IVX>  IN  THE 
DIRECTION  OF  THE  LOCAL  X-AXIS.  POINT  PI  MUST 
THEREFORE  NOT  BE  COINCIDENT  WITH  THE  LOCAL 
ORIGIN  (POI. 

5.  THESE  3  COORDINATES  DEFINING  P2  ARE  USED  TO 
DETERMINE  A  UNIT  VECTOR  IVY>  LYING  IN  THE  LOCAL 
X-Y  PLANE,  CVX>  IS  THEN  CROSSED  WITH  CVY>  TO 
PRODUCE  CVZ>  NORMAL  TO  THE  X-Y  PLANE.  FINALLY, 
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the  'orisin*  directive 


CVZ>  IS  CROSSED  WITH  CVX>  TO  IRE»PRODlJCE  fVV>. 
THIS  ENSURES  A  MUTUALLY  ORTHOGONAL  TRIAD  OF 
UNIT  VECTORS  CANO  HENCE,  DIRECTION  COSINES)  TO 
9E  USED  TO  ROTATE  THE  LOCAL  SURFACE  INTO  GLOBAL 
COORDINATES. 
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MAPPING  DIRECTIVE  'AXISYM* 


THIS  DIRECTIVE  MAPS  THE  INPUT  COORDINATES  TO  AN 
AXISYMMETRIC  SURFACE  AS  SHOWN  IN  FIGURE  10,1, 


Figure  10.1  -  Axisymmetric  Shell 


CAUTION! 

THIS  MAPPING  IS  NOT 
SUPFACE  MEASURING! 


WHEN  THE  COORDINATES  PROVIDED  FOR  ELEMENTS  8  AND  20 
APE  DISTANCE  MEASURING  COORDINATES  AND  ARE  ORTHOGONAL  IN 
THE  SHELL  MIDDLE  SURFACE,  THEN  THE  COMPONENTS  OF  STRAIN 
PRODUCED  BY  THE  ANALYSIS  PROGRAM  •SURSTRC*  ARE  THE 
PHYSICAL  STRAIN  COMPONENTS,  THESE  STRAINS  CAN  BE 
COMPARED  WITH,  SAY,  STRAIN  GAGE  DATA,  ON  THE  OTHER 
HAND,  IF  tuf  coordinates  ARE  NOT  SURFACE  DISTANCE 
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MEASURING  BUT  ARE  SOME  OTHER  PARAMETER  CE.G. ,  RADIANSI, 
THEN  THE  ANALYSIS  PROGRAM  PRODUCES  THE  COVARIANT 
COMPONENT  OF  STRAIN.  IN  ORDER  TO  COMPARE  THIS  QUANTITY 
WITH  DIRECT  STRAIN  MEASUREMENT,  THE  COVARIANT  COMPONENTS 
MUST  BE  CONVERTED  TO  DIRECT  STRAIN  MEASURE  THROUGH  THE 
USE  OF  THE  METRICS  OF  THE  SURFACE.  A  DISCUSSION  OF 
CONVERTING  COVARIANT  STRAIN  COMPONENTS  TO  PHYSICAL 
COMPONENTS  IS  CONTAINED  IN  CFUNG>. 


DATA 

NOTES  TYPE  VARIABLE 


CARD  1.1 

(11  A  WORD  'AXISYM' 


(2)  CARO  1.2 
I  NODE 
R  ANGLE 
R  ANGLE 
R  RADIUS 
R  OEOIVATIVE 


NOTESI 

1,  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUMN  1. 

2.  CAROS  1.2  ARE  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SFT  OF  COORDINATES  TO  BE  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARD  BECOMES  THE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CARDS  UNTIL  RESET. 
THUS,  YOU  MAY  ENTER  FIVE  VALUES  ON  THE  FIRST 
CAPO  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CAPOS 
until  these  OTHER  VALUES  NEED  TO  BE  RESET,  FOP 
EXAMPLE  I 


GRIDPOINT  NUMBER 
THETA,  DEGREES 
PHI,  DEGREES 

•R» 

D(R) /DIPHII 


SHELL* 

SURFACE  HAPPING  DIRECTIVE  ‘AXISYM* 


100  IC.O  0.06 
2  10  0 
3  20  0 
L  0  10 

5  10  10 

6  20  20  15.0 

7  30  20 

THIS  SET  OF  data  MOULD  HAP  ALL  NODES  USING 
0(RI/0CPHII  =  0,06,  NODES  1  THROUGH  5  WITH 
R  =  10.0,  AND  NODES  6  THROUGH  7  WITH  R  =  15.0, 
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10.3.4.2  HAPPING  DIRECTIVE  'CPLATE* 


THIS  DIRECTIVE  HAPS  COORDINATES  TO  A  FLAT  PLATE  IN 
A  RECTANGULAR  CARTESIAN  COORDINATE  SYSTEM,  THE  DEFAULT 
PLATE  LOCATION  IS  THE  GLOBAL  X-Y  PLANE.  THIS  HAPPING  IS 
A  SURFACE  HEASURING  HAPPING. 


DATA 

NOTES  TYPE  VARIABLE 


CARO  1.1 


(1)  A  WORD 


•CPLATE* 


(2)  CARO  1.2 


I  NODE 


GRIOPOINT  NUHBER 


R  X 


X  COORDINATE  OF  THE  NODE 


R  Y 


Y  COORDINATE  OF  THE  NODE 


NOTESi 

1.  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUHN  1. 

2.  CAPOS  1.2  ARE  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SET  OF  COORDINATES  TO  BE  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARD  BECOMES  THE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CAROS  UNTIL  RESET. 
THUS,  YOU  MAY  ENTER  THREE  VALUES  ON  THE  FIRST 
CARO  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CAROS 
UNTIL  THESE  OTHER  VALUES  NEED  TO  BE  RESET.  FOR 
EXAMPLEI 
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SURFACE 


NAPPING  DIRECTIVE  'CPLATE* 


10  0 
2  10 
3  20 
U  0  10 

5  10 

6  20 
7  30 

THIS  SET  OF  DATA  WOULD  HAP  NODES  !♦  2*  AND  3  TO 
THE  POINTS  (0,0>*  fl0,0»,  AND  (20.01 

RESPECTIVELY.  SIMILARLY.  NODES  4  THROUGH  7 
MOULD  BE  MAPPED  TO  (O.IOI,  (lO.lCI,  (20,10». 
AND  (30.101. 
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10.3,i».3  mapping  directive  'CYLINDER* 


THIS  DIRECTIVE  MAPS  COORDINATES  TO 
cylinder.  REFER  TO  FIGURE  10.2. 


Figure  10.2  -  Circular  Cylinder 

THIS  MAPPING  IS  A  SURFACE  MEASURING  MAPPING. 


DATA 

NOTES  TYPE  VAPIAOLF 


CARO  1.1 


(1»  A  W0»0 


•CYLINDER* 


CIRCULAR 
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(2)  CARO  1,2 
I  NODE 
R  ANGLE 

R  Z 

R  RADIUS 


GRIPOINT  NUMBER 

ANGULAR  COORDINATE  OF  NODE 
(DEGREES! 

LONGITUDINAL  COORDINATE 
CYLINDRICAL  RADIUS 


NOTESI 

1.  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUMN  1. 

2.  CAROS  1.2  ARE  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SET  OF  COORDINATES  TO  BE  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARD  BECOMES  THE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CARDS  UNTIL  RESET. 
THUS.  YOU  MAY  ENTER  FOUR  VALUES  ON  THE  FIRST 
CARO  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CAROS 
UNTIL  THESE  OTHER  VALUES  NEED  TO  BE  RESET,  FOR 
EXAMPLEI 
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100  10.0 
2  10 
3  20 
U  0  10 

5  10 

6  20 
7  30 

THIS  SET  OF  DATA  MOULD  MAP  ALL  NODES  WITH  A 
RADIUS  =  10.0.  NODES  1.  2«  AND  3  MOULD  BE 
MAPPED  WITH  Z  =  0.0.  AND  NODES  4  THROUGH  7 
WOULD  BE  MAPPED  MITH  Z  =  10.0. 
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10.3.4.l»  HAPPING  DIRECTIVE  'GENERALCVL' 


THIS  DIRECTIVE  MAPS  COORDINATES  TO  A  CYLINDER  OF 
GENERAL  CROSS  SECTION.  SEE  FIGURE  10.3. 


Figure  10.3  -  General  Cylinder 

THIS  HAPPING  IS  A  SURFACE  MEASURING  MAPPING, 

DATA 

NOTES  TYPE  VARIABLE 

CARO  1.1 

(1)  A  WORD  'GENERALCYL* 
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(2)  CARO  1.2 
I  NODE 
R  S 
R  Z 
R  X 
R  Y 

R  DERIVATIVE 
R  DERIVATIVE 


GRIOPOINT  NUMBER 
MERIDIONAL  ARC  LENGTH 
LONGITUDINAL  COORDINATE 
X  COORDINATE  OF  MODE 
Y  COORDINATE  OF  NODE 
OX/OS 
DY/OS 


NOTESI 

1.  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUMN  1. 

2.  CAROS  1.2  are  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SET  OF  COORDINATES  TO  BE  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARO  BECOMES  THE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CAROS  UNTIL  RESET. 
THUS.  YOU  MAY  ENTER  SEVEN  VALUES  ON  THE  FIRST 
CAPO  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CAPOS 
UNTIL  THESE  OTHER  VALUES  NEED  TO  BE  RESET.  FOR 
EXAMPLE  I 


10  0  0  C  0  0  0 
20  0  5.C 
30  0  10.0 

THIS  SET  OF  data  MOULD  MAP  NODES  10,  20,  AND  30 
TO  THE  LOCATIONS  OF  »Z*  =  0,  5,  AND  10, 

RESPECTIVELY. 


1/4 


SHELLX 

SURFACE  happing  DIRECTIVE  *HOOESHAPE* 


10.3,4.5  MAPPING  DIRECTIVE  'MOOESHAPE* 


THIS  DIRECTIVE  MAPS  COORDINATES  TO  A  CYLINDER  WHOSE 
CROSS  SECTION  IS  DEFINED  BY  A  COSINE  FUNCTION* 


R  =  R*  -  DEL  •  COS  (  N  *  THETA  » 


WHERE* 


P  =  RADIUS  TO  THE  NODE 
R'  =  THE  MEAN  RADIUS  OF  THE  CYLINDER 
DEL  =  AMPLITUDE  OF  THE  IMPOSED  MODE  SHAPE 
N  =  NUMBER  OF  CIRCUMFERENTIAL  WAVES 
THETA  =  ANGULAR  COORDINATE  OF  THE  NODE 

THIS  MAPPING  IS  AN  EXTENSION  OF  THE  "CYLINDER* 
MAPPING.  AND  IS  A  SURFACE  MEASURING  rtAPPING. 


DATA 

NOTES  TYPE  VARIABLE 


CARO  1.1 


A 

MOPO 

•MOOESHAPE* 

CARO 

1,2 

I 

NODE 

GRIOPOINT  NUMBER 

R 

ANGLE 

ANGULAR  COORDINATE  OF 
CDEGREESI 

NODE 

R 

Z 

LONGITUDINAL  COORDINATE 

R 

P  • 

MRAN  RADIUS  OF 

CYLINDER 

THE 

R 

DEL 

AMPLITUDE  OF  THE 

MODE 

SHAPE 


175 


SHELLX 

SURFACE  MAPPING  DIRECTIVE  •MOOESHAPE* 


(31  I  N  NUMBER  OF  WAVES 


NOTESI 

1.  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUMN  1. 

2.  CAPOS  1.2  ARE  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SET  OF  COORDINATES  TO  BE  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARD  BECOMES  THE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CAROS  UNTIL  RESET. 
THUS,  YOU  MAY  ENTER  FIVE  VALUES  ON  THE  FIRST 
CARD  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CA^OS 
until  THESE  OTHER  VALUES  NEED  TO  BE  RESET.  FOR 
EXAMPLE  I 


100  ICO.O  O.Cl  3 

3  10 

5  20 

2  0  20. C 

4  10 

6  20 

THIS  SET  OF  DATA  WOULD  MAP  ALL  NODES  TO  A 
CYLINDER  OF  MEAN  RADIUS  R»  =  100. 0,  AN 
AMPLITUDE  OF  MOOE  SHAPE  =  O.U:,  AND  A  MODE 
SHAPE  =  3.  NODES  1,  3,  AND  5  Ar?E  MAPPED  WITH  A 
Z  =  0,  AND  NODES  2,  AND  6  ARE  MAPPED  WITH  A 
Z  =  2C. 

3.  BECAUSE  'SHELLX'  READS  INPUT  IN  FREE  FORMAT,  IT 
TREATS  ALL  ENTITIES  FOLLOWING  THE  NODE  NUMBER 
AS  REALS,  THUS,  'N'  AS  USED  IN  THE  PROGRAM  IS 
treated  as  a  real,  IT  IS  THEREFORE  POSSIBLE  TO 
INPUT  'N'  WITH  A  FRACTIONAL  PART?  THE  MEANING 
OF  THIS  KINO  OF  INPUT  IS  NOT  CLEAR,  HOWEVER. 
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10.3.4.6  NAPPING  DIRECTIVE  *PPLATE» 


THIS  DIRECTIVE  MAPS  COORDINATES  TO  A  PLATE 
DESCRIBEO  IN  POLAR  COORDINATES.  THE  LOCATION  OF  THE 
PLANE  OF  THE  PLATE  IS  SPECIFIED  BY  THE  thIRO  COORDINATE. 


CAUTION! 

THIS  MAPPING  IS  NOT 
SURFACE  MEASURING! 


WHEN  the  COORDINATES  PROVIDED  FOR  ELEMENTS  fl  AND  2C 
ARE  DISTANCE  MEASURING  COORDINATES  AND  ARE  ORTHOGONAL  IN 
THE  SHELL  HIOOLE  SURFACE.  THEN  THE  COMPONENTS  OF  STRAIN 
PROOUCEO  BY  the  ANALYSIS  PROGRAM  'SUBSTRC*  ARE  THE 
PHYSICAL  STRAIN  COMPONENTS.  THESE  STRAINS  CAN  BE 
COMPARED  WITH,  SAY,  STRAIN  GAGE  DATA.  ON  THE  OTHER 
HAND,  IF  the  COORDINATES  ARE  NOT  SURFACE  DISTANCE 
MEASURING  BUT  ARE  SOME  OTHER  PARAMETER  (E.G.,  RADIANS!, 
THEN  THE  ANALYSIS  PROGRAM  PRODUCES  THE  COVARIANT 
COMPONENT  OF  STRAIN,  IN  ORDER  TO  COMPARp  THIS  QUANTITY 
with  DIRECT  STRAIN  MEASUREMENT,  THE  COVARIANT  COMPONENTS 
MUST  BE  CONVERTED  TO  DIRECT  STRAIN  MEASURE  THROUGH  THE 
USE  OF  THE  METRICS  OF  THE  SURFACE,  A  DISCUSSION  OF 
CONVERTING  COVARIANT  STRAIN  COMPONENTS  TO  PHYSICAL 
COMPONENTS  IS  CONTAINED  IN  CFUNG>, 
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SURFACE  MAPPING  DIRECTIVE 

•PPLATE* 

NOTES 

DATA 

TYPE 

VARIABLE 

CARO 

1. 1 

<11 

A 

WORO 

•PPLATE* 

(21 

CARO 

1.  2 

I 

NODE 

GRIOPOINT  NUMBER 

P 

ANGLE 

ANGULAR  COORDINATE 
(DEGREES) 

OF  NODE 

R 

RADIUS 

RADIAL  COORDINATE 
NODE 

OF  THE 

R 

Z 

LOCATION  OF  THE 
THE  PLATE  (DEFAULT 

PLANE  OF 
=  C) 

NOTESI 

1.  BEGIN  THE  ENTRY  OF  THIS  DIRECTIVE  IN  COLUMN  1. 

2.  CARDS  1.2  ARE  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SET  OF  COORDINATES  TO  BE  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARO  BECOMES  '^HE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CAROS  UNTIL  RESET. 
THUS,  YOU  MAY  ENTER  FOUR  VALUES  ON  THE  FIRST 
CAPO  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CAPOS 
UNTIL  THESE  OTHER  VALUES  NEED  TO  BE  RESET.  FOR 
EXAMPLE* 


105  10. C 
2  10 
3  20 
U  0  10 

5  10 

6  20 
7  30 
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THIS  SET  OF  DATA  MOULD  HAP  ALL  NODES  TO  PLATE 
LOCATED  AT  Z  =  10.0.  NODES  1  THROUGH  3  MOULD 
BE  HAPPED  WITH  A  RADIUS  R  =  5.0.  AND  NODES  4 
THROUGH  7  WOULD  BE  HAPPED  WITH  A  RADIUS 
R  =  10.0* 
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10.3.V.7  NAPPING  DIRECTIVE  'TORUS* 


THIS  DIRECTIVE  MAPS  COORDINATES  TO  A  TORUS. 
REFERRING  TO  FIGURE  THE  MIDDLE  SURFACE  OF  THE 
SHELL  IS  DEFINED  BYI 


X  =  SR'COS <THETA» 

Y  =  SR»SIN(THETA)  *COS  (PHII  «•  LR'Cl  -  COSCPHI)» 
Z  =  (LP  -  SR*SIN  (THETAn^SIN  (PHII 

VHEREI 


SR  =  THE  SMALL  RADIUS 
LR  =  THE  LARGE  RADIUS 

THETA  AND  PHI  ARE  SHOWN  IN  THE  FIGURE. 
THIS  mapping  is  a  surface  measuring  MAPPING. 


DATA 

NOTES  TYPE  VA^IAaLF 


CARO  1.1 


A 

WO^O 

•TO^US* 

CARO 

1.2 

1 

NODE 

GRIDPOINT  NUMBER 

R 

theta 

ANGULAR 

COORDINATE 

DEGREES 

R 

PHI 

ANGULAR 

COORDINATE 

DEGREES 

R 

SR 

SMALL  RADIUS 

OF  THE  TORUS 

R 

LR 

LARGE  RADIUS 

OF  THE  TORUS 
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NOTESI 

1.  begin  the  entry  of  this  directive  in  COLUHN  1. 

2.  CAPOS  1.2  ARE  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SET  OF  COOFOINATES  TO  8F  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARO  BECOMES  THE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CAROS  UNTIL  RESET. 
thus,  you  may  ENTER  FIVE  VALUES  ON  THE  FIRST 
CARO  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CApQS 
UNTIL  these  other  VALUES  NEED  TO  BE  RESET,  FOR 
EXAMPLE  t 


100  IQ.O  100.0 
2  10 
3  20 
0  IG 

5  1C 

6  2C 

7  3C 

THIS  SET  OF  data  MOULD  MAP  ALL  COORDINATES  TO  A 
TORUS  WITH  LARGE  RADIUS  LR  =  ICO.O  AND  A  SMALL 
RADIUS  SR  =  10.0.  NODES  1  THROUGH  3  MOULD  BE 
MAPRFD  with  a  •PHI*  OF  0,  AND  NODES  «♦  THROUGH  7 
WOULD  BE  MAPPED  MITH  A  'PHI*  OF  10. 
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SURFACE  CAPPING  DIRECTIVE  •ZOFXY* 


10.3.4.8  HAPPING  DIRECTIVE  •ZOFXV* 


THIS  DIRECTIVE  MAPS  COORDINATES  TO  A  SURFACE 
IS  DEFINED  AS  SOME  FUNCTION  OF  THE  •!*  COORDINATE 
FIGURE  19.5. 


Figure  10.5  -  ZOFXY 

THIS  HAPPING  IS  A  SURFACE  MEASURING  MAPPING, 


DATA 

NOTES  TYPE  VARIARLE 


CARD  1,1 


(II  A  WORD 


•ZOFXY* 


WHICH 

SEE 
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SURFACE  happing  DIRECTIVE  *ZOFXY* 


(a»  CARO  1.2 
I  NODE 
R  X 
R  Y 
R  7 

R  DERIVATIVE 
R  DERIVATIVE 


GRIOPOINT  NUHBER 


X  COORDINATE 
Y  COORDINATE 
Z  COORDINATE 
DZ/DX  AT  THE 
DZ/OY  AT  THE 


OF  THE  NODE 
OF  THE  NODE 
OF  THE  NODE 
NODE 
NODE 


NOTESI 

1.  begin  the  ENTRY  OF  THIS  DIRECTIVE  IN  COLUMN  1. 

2.  CAPOS  1.2  ARE  TO  BE  REPEATED  UNTIL  THE  ENTIRE 
SET  OF  COORDINATES  TO  BE  MAPPED  IS  OBTAINED. 
NOTE  THAT  EACH  ENTRY  ON  A  CARO  BECOMES  THE 
DEFAULT  VALUE  FOR  SUBSEQUENT  CAROS  UNTIL  RESET, 
thus,  YOU  MAY  ENTER  SIX  VALUES  ON  THE  FIRST 
CARO  OF  A  SET,  AND  FEWER  ON  FOLLOWING  CARDS 
until  these  other  VALUES  NEED  TO  BE  RESET. 
BECAUSE  OF  THE  GENERALITY  OF  THIS  SURFACE, 
HOWEVER,  USE  OF  THIS  FEATURE  IS  NOT  EXPECTED. 
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10. EXECUTION 


10,4.1  FPOM  TTY 


OBTAIN  THE  INPUT  FILE  <A>  IN  SOHE  MANNER.  THE  MOST 
COMMON  HOULO  PROBABLY  BE  TO  CREATE  THE  FILE  MITH  ONE  OF 
THE  SYSTEM  EOITOPS.  THEN* 


ATTACH, SHELLX, I 0=CSR0. 

SHELLX, 

FILE  <B>  MAY  BE  MERGED  WITH  THE  BULK  INPUT  FILE 
(AGAIN  USING  ONE  OF  THE  SYSTEM  EDITORS)  OR  OTHERWISE 
DISPOSED.  the  <0UTPUT>  FILE  MAY  BE  PRINTED  OR  EXAMINED 
AT  THE  TERMINAL. 


10, (*.2  BATCH 


BATCH  JOBS  DO  NOT  PERMIT  YOU  TO  INTERVENE  IN  THE 
JOB  process;  THUS*  ALL  FILES  TO  BE  SAVED  MUST  BE 
CATALOGED  SOMEWHERE,  BELOW  IS  A  SAMPLE  JOB  TO  READ  THE 
INPUT  FROM  THE  SYSTEM  <INPUT>  FILE  AND  STORE  THE  MAPPED 
COORDINATES  IN  A  PERMANENT  FILE  FOR  LATER  USE. 


JOB,CM30  000, 

CHARGE, YOUR, GOBBLYGOOK, 

REQUEST, B,*PF. 

ATTACH, SHELLX,ID=CSR0. 

SHELLX, INPUT. 

CATALOG, B.BFORL ATERUSE,ID= YOUR. 
»END-OF-RECORD  C7/8/B) 

...  SHELLX  DATA  ... 

»ENn-OF-FILE  (6/778/q> 
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10.«*.3  OEFftJLT  EXECUTION 

THE  DEFXULT  EXECUTE  CARO  ISl 
SHFLLX.AtB, OUTPUT, 


10.5  LIUTATIONS  ANO  REMARKS 


1.  MINIMUM  FIELD  LENGTH  TO  EXECUTE  PROGRAMI 
APPROXIMATELY  30000  WORDS 

2.  MACHINES  COC  6000. 

3.  TIME  ESTIMATES  LESS  THAN  1/2  SECOND  PER  NODE, 

4.  PROGRAM  MAINTENANCES  'SHELEX*  IS  WRITTEN  IN 
RATIONAL  FORTRAN  ANO  IS  MAINTAINED  BY  THE 
AUTHOR.  THE  SOURCE  CODE  IS  LOCATED  IN  THE 
UPDATE  LIBRARY  SHELLXPL  .IDsCSRO,  THE 
relocatable  library  IS  LOCATED  IN  THE  EOITLIB 
LIBRARY  SHELLXLIB  ,IO=CSRO,  THE  UPDATE 
LIBRARY,  THE  EOITLIB  LIBRARY,  ANO  THE  ABSOLUTE 
EXECUTABLE  CODE  IS  ALSO  MAINTAINED  ON  PRIVATE 
DISK  DV4717  AT  THE  COC  6400, 

5.  EXTENSIONSS  IT  IS  RECOMMENDED  THAT  ANY  FUTURE 
MAPPING  TYPES  BE  OF  THE  SURFACE  MEASURING  TYPE 
TO  AVOID  THE  PROCESS  OF  CONVERTING  COVARIANT 
strain  components  TO  PHYSICAL  STRAIN 
COMPONENTS.  SEE  CFUNG>, 


10.6  REFERENCES 


1.  CFUNG)  FUNG,  Y,  C. ,  'FOUNDATIONS  OF  SOLID 
MECHANICS*,  PRENTICE-HALL,  INC,,  ENGLEWOOD 
CLIFFS,  N,J.,  1965,  PP  89-92  ANO  PP  111-115. 
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•STON* 

SUaSTRC  TO  MASTRAN 
DATA  FORHAT  CONVERTER 
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INTRODUCTION 


11. 1  INTRODUCTION 


THE  AIH  OF  'STOH*  IS  TO 
*SU8STRUC»  INTERHEDIATE  FILE 
'HASTRAN*  BULK  DATA  DECK  FORHAT 
SOFTWARE  TOOLS  DEVELOPED  FOR 
USED  WITH  SUBSTRC. 


TRANSLATE  A  FILE  FROM 
<MEIIIN>  FORHAT  TO  THE 
.  THUS,  MANY  OF  THE 
USE  WITH  NASTRAN  MAY  BE 


11.2  PROGRAM  TECHMIQUE 


•ston* 

<N£HIN>. 

GRIOPOIMTS 

DESCRIPTION 

FOLLOMSt 


READS  THE  'SUBSTRC*  INTERMEDIATE  FILE 

the  COORDINATES  ARE  CONVERTED  TO  NASTRAN 
AND  THE  CONNECTIVITY  TO  NASTRAN  MESH 

.  THE  'STON*  TRANSLATION  TABLE  IS  AS 


ELEMENTS 

3  NODE  ELEMENTS 
ELEMENTS 

4  NODE  ELEMENTS 
ELEMENTS 

«  NODE  BRICK 
NASTRAN  ELEMENT^ 

20  NODE  ELEMENTS 
ELEMENTS 


raw  A  II  OB 

ELEMENTS.  THE  DUPLICATE  MOOES  AT 
BOUNDARIES  ARE  NOT  ELIMINATED,  HOWEVER. 


ARE 

CONVERTED 

TO  »CROO» 

NASTRAN 

ARE  CONVERTED 

TO  'CTRIAa® 

NASTRAN 

:  ARE 

CONVERTED  »CQJAD1® 

NASTRAN 

ELEMENTS  ARE 

CONVERTED 

•CHEXAl • 

ARE 

CONVERTED  'CIHEXE* 

NASTRAN 

EACH 

NODE  AND 

ELEMENT  BE 

UNIQUE. 

SUBSTRUCTURE 
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11.3  USING  THE  PROGRAM 


THE  FaLOMING  CONTROL  CARDS  ARE  SUFFICIENT 
EXECUTE  ‘STON*! 


TO 


ATT  ACM. STON, I0=CSPR. 
STON. 


11.3.1  DEFAULT  EXECUTION 

STONtNEHIN, OUTPUT, DATA. 

11.3.2  FILES 


NEHIN  THE  INTERMEDIATE  pRE  PRODUCED 

BY  THE  PROGRAM  *HABS* 

OUTPUT  PRINTED  OUTPUT  FROM  »STOM» 

DATA  THIS  IS  THE  NASTRAN  BULK  DATA 

DECK  FILE. 
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11.4  EXAMPLE 


THIS  EXAMPLE  SHOWS  THE  PROOUCTION  OF  THE  FILE 
<MEHIN>  BY  ‘HABS*  AMO  THE  FILE  <OATA>  BY  »STON®, 


COMMEMT. - - - — — - - — - 

COMMENT.  PROOJCE  FILE  <NEMIN». 

COMMENT. - 

ATTACH, NABS t I 0=CSPR. 

ATTACH,OATA,YOUROATA,IO=YOllR. 

NABS. 

IJNLOAO,HABS,OATA. 

COMMENT.— - — - - - - - - 

COMMENT.  TRANSLATE  TO  NASTRAN  INPUT  FILE  <OATA> 

COMMENT. - - - - - - - -  - - -  —  - - - 

ATTACH, STON, lOsCSPR. 

STON. 

UNLOAD, STON. 

AT  THIS  POINT,  THE  FILE  <OATA>  EXISTS  IN  THE 
NASTRAN  BULK  DATA  DECK  FORM,  TO  CONTINUE,  AND  PREPARE 
THE  DATA  FOR  DISPLAY  WITH  A  DISPLAY  PACKA5E,  ONE  MUST 
translate  THIS  DATA  INTO  A  FORM  COMPATIBLE  HITH  THE 
PLOTTING  DEVICE.  IF,  FOR  EXAMPLE,  THE  DISPLAY  IS  TO  BE 
DONE  HITH  ‘STAGIMG*,  THE  FOLLOWING  CONTROL  CAROS  WOULD 
BE  EXECUTED  IMMEDIATELY  FOLLOWING  THE  ABOVEI 


ATTACM,PROCFIL,PROCFILPRESTAG,ID=CAMK. 

BEGIN,  IDEAL TK,,08sOBNANE,IO=YOUR,STRlsSTRUCTUREN, 
STR2=AMEUPT04QC,STR3=HARACTERSL,STR4=ONG, 
SUB1=UPT04BCHAR,SUB2=SU8STRUCTU,SU33=RENANE. 
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•STRSIFT*  -  SIFT  STRESSES 
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rNTROOUCTION 


12.1  INTRODUCTION 


'STRSIFT'  IS  AN  INTERFACE  BETWEEN  THE  'SUBSTRC' 
PROGRAM  ELEMENT  TYPES  8  COOUBLY  CURVED  SHELL  TRIANGLE) 
AND  13  OPEN  SECTION  CURVED  BEAM!  AND  THE  UNIVERSITY  OF 
CALGARY  plotting  PROGRAM  'CONT*  CCONT>.  AS  SUCH,  IT 
PROCESSES  THE  'SUBSTRC'  INTERMEDIATE  DATA  FILE  <NEHIN> 
AND  ONE  OF  THE  SU8STPC  STRESS  OUTPUT  FILES  TO  PRODUCE  A 
FILE  COMPATIBLE  WITH  THE  BULK  OF  THE  INPUT  DATA  TO 
•CONT'.  'STRSIFT*  MAKES  ^  ADDITIONAL  FILES  WHICH  MAY  BE 
REUSED  FOR  FURTHER  SIFTING. 

'STRSIFT'  IS  DESIGNED  TO  FILTER  THE  'SUBSTRC' 
INTERMEDIATE  FILE  <NEMIN>  WITH  USER-DEFINED  FILTERS, 
THUS,  'STRSIFT'  HILL  PUT  ON  THE  OUTPUT  FILES  <0ATA>  AND 

<tapeii>  only  those  elements  and  coordinates  which  pass 

THRU  THE  FILTER(SI.  YOU  ALSO  HAVE  THE  OPTION  OF 
UNROLLING  AN  AXISYMMETRIC  SURFACE  ABOUT  ONE  OF  3  AXES. 

'STRSIFT'  IS  DESIGNED  TO  LOGICALLY  AND  ACTUALLY 
SEPARATE  EACH  SPECIFIC  TASK  INTO  A  SINGLE  MODULE  OR 
SUBROUTINE.  THIS  KIND  OF  CONSTRUCTION  MAKES  FURTHER 
CHANGES  TO  'STRSIFT'  FEASIBLE  BY  OTHER  THAN  THE  ORIGINAL 
DESIGNER,  IT  IS  WRITTEN  IN  THE  PROGRA-MMING  LANGUAGES 
'RATFOR'  AND  'FORTRAN', 


12,2  FILES 


INPUT  USER  INPUT.  SECTION  3  OF  THIS  REPORT 

GIVES  DETAILED  EXPLANATIONS  OF  USER 
INPUT, 

OUTPUT  PRINTED  OUTPUT  -  USUALLY  ABOUT  A  PAGE  OR 

TWO.  the  MAXIMUM,  MINIMUM  AND 

DIFFERENCES  OF  THE  COORDINATES  AND  THE 
STRESSES  ARE  PRINTED  HERE,  WHICH  ALLOWS 
YOU  TO  GET  AN  IDEA  OF  WHAT  THE  INPUT  TO 
'CONT'  SHOULD  BE, 

NEWIM  THE  INTERMEDIATE  'SUBSTRC'  FILE  PRODUCED 

BY  'WABS' 
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DATA 


TAPEll 


rAPE52 


MSLMM 


THE  CODED  •STRSIFT*  OUTPUT  FILE  SUITABLE 
FOR  FURTHER  PROCESSING,  POSSIBLY  BY  A 
PLOTTING  PROGRAM.  IT  CONTAINS  ONE 
PARTITION  FOR.  EACH  OF  THE  STRESSES.  EACH 
PARTITION  ENOS  WITH  A  FORTRAN  WRITTEN 
•ENOFILE^  MARK,  EACH  PARTITION  CONTAINS 
N  RECORDS,  WHERE  N  IS  THE  NUMBER  OF 
ELEMENTS  PASSED  THRU  THE  USER-DEFINED 
FILTERS  MULTIPLIED  BY  THE  NUMBER  OF 
INTEGRATION  POINTS  PEP  ELEMENT.  THE 
FORMAT  OF  EACH  RECORD  ON  THE  DATA  FILE  IS 


(3E15. 7,121  . 

EACH 

RECORD  IN 

EACH 

PARTITION  CONTAINS 

X,  Y,  Z, 

FLAG 

WHERE  ! 

X  IS  THE 

REAL 

X 

COORDINATE 

OF 

THE 

INTEGRATION 

POINT, 

Y  IS  THE 

PFAL 

Y 

COORDINATE 

OF 

THE 

INTEGRATION 

POINT, 

Z  IS  THE 

REAL 

STRESS  VALUE 

AT 

THE 

INTEGRATION 

POINT, 

FLAG  IS  AN 

INTEGER 

WHICH  SIGNALS 

THE 

END 

OF  THE  DATA, 

FLAG 

B  MEANS  MORE 

DATA 

FOLLOWS?  FLAG  =  99  SIGNALS  END  OF  DATA. 

THE  COOED  'STRSIFT*  OUTPUT  FILE  OF  THE 
GRIDPOINT  COORDINATES  OF  THE  FINITE 
ELEMENT  MESH  IN  A  FORM  WHICH  IS 
COMPATIBLE  WITH  THE  'CONT*  PROGRAM.  THIS 
FILE  IS  SAVA8LE.  ONE  MIGHT  WISH  TO  SAVE 
THIS  FILE  BECAUSE  PLOTTING  THE  <DATA> 
FILE  WITH  'CONT*  BY  ITSELF  GIVES  NO 
INDICATION  OF  THE  LOCATION  OF  THE  NODES 
AND  ELEMENTS. 

ONE  OF  THE  OUTPUT  FILES  OF  THE  'SUBSTRC* 
ANALYSIS  PROGRAM.  FOR  THP  SHELL  ELEMENTS 
(8  L  2P),  ’SUBSTRC*  PUTS  OUT  TWO  STRESS 
TAPES!  TAPE62,  AND  TAPE63.  IF  TAPE63  IS 
BEING  USED,  IT  SHOULD  BE  ATTACHED  AS 
TAPE62. 

THE  MASS  STORAGE  ELEMENT  FILE  MADE  BY 
*STRSIFT*.  IT  CONTAINS  ALL  THE  ELEMENTS 
NUMBERf^O  SEQUENTIALLY.  IT  HAS  NO 
REFERENCES  TO  SUBSTRUCTURES  AT  ALL.  THIS 
FILE  IS  SAVABLE. 
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MSXtfZ  THE  MASS  STORAGE  COOROIMATES  FILE  MADE  BY 

•STRSIFT*,  IT  CONTAINS  ALL  THE 
COORDINATES  NUMBERED  SEQUENTIALLY.  IT 
HAS  NO  REFERENCES  TO  SUBSTRUCTURES  AT 
ALL.  THIS  FILE  IS  SAVABLE. 

MSTRES  THE  MASS  STORAGE  STRESS  FILE  MADE  BY 

•STRSIFT*.  IT  CONTAINS  ALL  THE  STRESSES 
PRODUCED  BY  •SUBSTRC*  AT  ALL  THE  ELEMENT 
INTEGRATION  POINTS.  IT  HAS  NO  REFERENCES 
TO  SUBSTRUCTURES  AT  ALL,  THIS  FILE  IS 
SAVABLE. 

MSIPKS  THE  SCRATCH  MASS  STORAGE  INTEGRATION 

POINTS  COORDINATES  FILE  MADE  BY 
•STRSIFT*.  SINCE  SOME  OF  THE  COORDINATES 
COMPUTED  FOR  A  PARTICULAR  DISPLAY  MAY  NOT 
BE  CORRECT  FOR  ANOTHER  DISPLAY,  IT  IS  NOT 
DESIRABLE  TO  SAVE  THIS  FILE  BETWEEN 
VARIOUS  RUNS  OF  •STRSIFT*. 


12.2,1  A  NOTE  ON  THE  <OATA>  FILE 


TO  MAKE  THINGS  EASIER  TO  HANDLE  WHEN  YOU  ARE 
VIEWING  tm^  STRESSES  ON  A  •SCOPE,  YOU  MAY  WANT  TO  USE 
THE  PROCEDURE  CRUMBLE  TO  BREAK  THE  DATA  FILE  INTO  PIECES 
(OF  COURSE,  CRUMBLE  NAY  BE  USED  AT  ANY  TIME). 

TO  CREATE  A  FILE  WHICH  DOES  NOT  HAVE  ANY  END-FILE 
MARKS  (THAT  IS,  THE  FILE  IS  ONE  HUGE  PARTITION),  USE  the 
COPYS  SYSTEM  UTILITY  (DESCRIBED  MORE  FULLY  IN  REFERENCE 
CCCRMH  AS  FOLLOWS* 


BEGIN,COPYS ,, COPY J, DATA, NEWFIL, 

REWIND  NEWFIL. 

NOTE  that  the  input  DATA  EXPECTED  BY  •CONT*  IS  TO 
COME  FROM  TAPE®,  TAPE9,  OR  TAPEIO,  SO  YOU  MAY  HAVE  TO 
LOCALLY  RENAME  THE  DATA  FILE  OR  THE  OUTPUT  FILES  OF 
CRUMBLE  AT  THE  SCOPE.  YOU  CAN  DO  THIS  WITH  THE  INTERCOM 
COMMANDS  (REFERENCE  CINTERCOM>) * 


UNLOAD, OLOLFN<CR> 
3ATCH,0LDLFN,RENAME,NEMLFN<CR> 
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WHERE  OLOLFN  is  THE  OLD  LOGICAL  FILE  NAME,  NEHLFN 
IS  THE  NEH  LOGICAL  FILE  NAME,  AND  <CP>  MEANS  CARRIAGE 
RETURN. 


12.3  USER  INPUT 


12.3.1  INTRODUCTION 


INPUT  IS  HANDLED  WITH  DIRECTIVES  AND  DATA  CARDS 
ASSOCIATED  THEREWITH.  INPUT  DATA  ARE  FREE  FORMAT, 
SEPARATED  BY  A  COMMA  OR  BLANKCSI.  THERE  ARE  THREE  TYPES 
OF  DATA  expected  AS  INPUTi  INTEGER,  REAL  AND  ALPHABETIC. 
INTEGER  INPUT  AND  REAL  INPUT  FOLLOW  THE  USUAL  FORTRAN 
CONVENTIONS,  I.E.  INTEGER  IS  ENTERED  WITHOUT  A  DECIMAL 
POINT,  REALS  ARE  ENTERED  WITH  A  DECIMAL  POINT  (AND  MAY 
BE  IN  EXPONENTIAL  FORMI .  ALPHABETICS  ARE  USED  FOR 
INPUTTING  THE  DIRECTIVES  AND  THE  RELATIONS  USED  TC 
DEFINE  THE  FILTERS.  THE  DATA  TYPES  ARE  INDICATED  IN  THE 
INPUT  DESCRIPTIONS  AS  'I*  FOR  INTEGER,  »R»  FOR  REAL,  AND 
•A*  FOR  ALPHABETIC. 

FILTERING  IS  FIRST  PERFORMED  ON  THE  NODAL 
COORDINATES.  ANY  NODE  WHICH  HAS  COORDINATES  WHICH  DO 
NOT  PASS  THRU  THE  USER  DEFINED  FILTERS  ARE  ELIMINATED. 
SECOND,  THE  ELEMENTS  ARE  EXAMINED.  THOSE  ELEMENTS 
CONTAINING  ♦ELIMINATED*  NODES  ARE  THEMSELVES  ELIMINATED, 
WITH  ALL  the  NODES  ASSOCIATED  WITH  THEM.  THIS  SECOND 
STEP  MAY  THEREFORE  REMOVE  MORE  NODES  THAN  YOU  EXPECT! 


12.3.2  DIRECTIVES  IN  'STRSIFT* 


THE  FOLLOWING  DIRECTIVES  ARE  AVAILABLEI 

MESH  DISPLAY  FEM  MESH.  <TAPE11>  IS 

NOT  MADE  WITHOUT  THIS 

DIRECTIVE. 
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PICTURE  DEFINITION 

POLAR  filter 

RADIAL  FILTER 

UNROLL 
VIEN  AXIS 
XYZ  filter 


INVOKE  USER  PROGRAMMING 

DEFINE  THE  EXTENT  OF  THE 
PICTURE  TO  BE  DRAWN, 

FILTER  ELEMENTS  PER  ANGLE 
CRITERIA 

FILTER  ELEMENTS  PER  RADIAL 
CRITERIA 

UNROLL  A  SURFACE  INTO  2D 

DEFINE  A  VIEW  DIRECTION 

FILTER  ELEMENTS  PER  COORDINATE 
DATA 
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12.3.2.1  MESH 


MESH  PERMITS  TOU  TO  DISPLAY  THE  FINITE  ELEMENT 
MESH.  ONE  MIGHT  WISH  TO  SAVE  THIS  FILE  BECAUSE  PLOTTING 
THE  <OATA>  FILE  WITH  *CONT*  BY  ITSELF  GIVES  MO 
INDICATION  OF  THE  LOCATION  OF  THE  NODES  AND  ELEMENTS. 
THUS,  IF  YOU  DESIRE  TO  SAVE  THE  MESH  COORDINATES  IN  A 
FORM  COMPATIBLE  WITH  •CONT*.  <TAPE11>  SHOULD  BE 
CATALOGED  AFTER  THE  ‘STRSIFT*  RUN. 


DATA 

NOTES  TYPE  VARIABLE 

CARO  1 

(1)  A  CARD  'MESH* 

NOTESI 

1.  THP  WORD  'MESH*  IS  ENTERED  AS  THE  FIRST  FOUR 
CHARACTERS  ON  THE  INPUT  LINE. 

EXAMPLE!  PROVIDE  FOR  DRAWING  THE  MESH  OF  THE 
DISPLAY. 

SOLUTION!  GIVE  THE  FOLLOWING  DIRECTIVE  TO 

•STRSIFT* I 

MESH 
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12.3.2.2  PICTURE  DEFINITION 


PICTURE  DEFINITION  ALLOWS  YOU  TO  DEFINE  THE  LIMITS 
OF  YOUR  DISPLAY  AND  HENCE  'ZOOM*  IN  ON  AN  AREA  OF 
INTEREST.  PICTURE  DEFINITION  IS  A  2  CARD  BLOCK. 


DATA 

NOTES  TYPE  VARIABLE 


CARD  1 


(II  A  CARD 


“PICTURE  definition* 


(21  CARD  2 

(31  R  XLL  X  coordinate  OF  THE  LOWER 

LEFT  CORNER  OF  THE  PICTURE 


R  YLL 


Y  COORDINATE  OF  THE  LOWER 
LEFT  CORNER  OF  THE  PICTURE 


R  XUR  X  COORDINATE  OF  THE  UPPER 

RIGHT  CORNER  OF  THE 
PICTURE 

R  YUR  Y  CO  01 NATE  OF  THE  UPPER 

RIGHT  CORNER  OF  THE 
PICTU. 


NOTESI 

1.  START  IN  COLUMN  1,  IT  IS  IMPORTANT  TO  INCLUDE 
ONE  AND  ONLY  ON^-  BLANK  BETWEEN  THE  WORDS! 

2.  EACH  ENTITY  ON  A  CARO  IS  SEPARATED  FROM  THE 
OTHERS  BY  EITHER  A  COMMA  (,l  OR  A  BLANK  I  I. 

3.  IF  THE  'UNROLL*  DIRECTIVE  IS  USED 
SIMULTANEOUSLY  WITH  'PICTURE  DEFINITION*. 
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SP'^CIFf  THE  PICTURE  DEFINITION  IN  TERNS  OF  THE 
UNROLLED  STRUCTURAL  DIMENSIONS.  THUS,  IF  A 
CTLINOER  OF  DIAMETER  10  IS  UNROLLED  ABOUT  THE  Y 
AXIS,  THE  RANGE  OF  X  DIMENSIONS  tq  CONSIDER  FOP 
PICTURE  DEFINITION  IS  FROM  0  TO  31.415. 

EXAMPLE!  EXCLUDE  FROM  THE  DISPLAY  ALL  THOSE  NODES 
WHICH  LIE  OUTSIDE  THE  UNIT  SQUARE. 

SOLJTIONf  PROVIDE  A  PICTURE  DEFINITION  TO  'DFLSIFT* 
AS  FOLLOWS! 


PICTURE  DEFINITION 

0, 0,1,1 
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12.3.2.3  POLAR  FILTER 


POLAR  FILTER  PERMITS  YOU  TO  EXCLUDE  ELEMENTS  FROM  A 
DISPLAY  WHICH  DO  NOT  LIE  NITHIN  A  REGION  DEFINED  BY 
POLAR  ANCLES.  POLAR  FILTER  IS  A  3  CARD  SLOCK.  THERE 
ARE  A  MAXIMUM  ALLOWABLE  NUMBER  OF  20  FILTERS. 


DATA 

NOTES  TYPE  VAPIABLF 


CARO 

1 

(1» 

A 

CAPO 

•POLAR  FILTER* 

CARO 

2 

(2» 

I 

nplrtst 

NUMBER  OF  POLAR  FILTER 

TESTS 

(3» 

CARO 

3.1 

(4) 

A 

PLROIR 

POLAR  ANGLE  DIRECTION 

(E) 

A 

PLRREL 

RELATIONAL  SPECIFICATION 

(6) 

R 

PLPVAL 

VALUE  TO  BE  USED  IN  THE 
FILTER 

NOTESI 

t.  START  IN  COLUMN  1,  IT  IS  IMPORTANT  TO  INCLUDE 
ONF  AND  ONLY  ONE  BLANK  BETWEEN  THE  WORDS! 

2.  THE  MAXIMUM  NUMBER  OF  FILTERS  IS  20. 

3.  WEPEAT  CAROS  IN  THIS  SET  UNTIL  ALL  THE  REQUIRED 
FILTERS  HAVE  BEEN  DEFINED.  EACH  ENTITY  ON  A 
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CARO  IS  SEPARATEO  FROM  THE  OTHERS  BT  EITHER  A 
COMMA  (,l  OR  A  BLANK  (  ) . 

k,  PERMISSIBLE  SPECIFICATIONS  FOR  MEASURING  THE 
ANGULAR  DIRECTION  ARE  »XTOT',  'TTOZ',  AND 
•ZTOX'.  ALTERNATIVELY.  THESE  DIRECTIONS  MAY  BE 
SPECIFIED  BY  •!'.  'ZS  OR  'S*.  RESPECTIVELY. 

5.  RELATIONS  HHICH  ARE  TO  BE  USED  IN  THE  FILTERS 
ARE  LIMITED  TO  THE  FOLLOWING  VALID  TWO 
CHARACTER  ALPHABETIC  ENTRIESI 

EQ  -  EQUAL? 

GE  -  GREATER  THAN  OR  EQUAL  TO? 

GT  -  greater  than? 

LE  -  LESS  THAN  OR  EQUAL  TO? 

LT  -  LESS  THAN? 

NE  -  NOT  EQUAL  TO. 

6,  THE  FILTER  RANGE  IS  FROM  -180  TO  «-180  DEGREES. 

EXAMPLFI  ESTABLISH  A  FILTER  WHICH  PASSES  THOSE 
ELEMENTS  LYING  BETWEEN  -V3  DEGREES  AND  ♦WS  DEGREES  Ih 
THE  Y-Z  PLANE. 

SOLUTIOMI  ESTABLISH  A  'STRSIFT*  FILTER  AS  FOLLOWSi 


POLAR  FILTER 
2 

YTOZ.GF,-43.0 

YTOZ,LE.«-U3.0 
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12.3,2.«»  RADIAL  FILTER 


RADIAL  FILTER  PERMITS  YOU  TO  EXCLUDE  ELEMENTS  FROM 
A  DISPLAY  WHICH  DO  NOT  LIE  WITHIN  A  CIRCLE.  CAUTIONI 
this  filter  works  in  a  complete  CIRCLE!  RADIAL  FILTER 
IS  A  3  CARO  BLOCK.  THERE  ARE  A  MAXIMUM  ALLOWABLE  NUMBER 
OF  20  FILTERS. 


DATA 

NOTES  TYPE  VARIABLE 


CARO  1 


(11 

A  CAOD 

CARO  2 

•RADIAL  FILTER* 

(2) 

I 

NRDLTST 

NUMBER  OF  RAOIAL  FILTER 
TESTS 

(3) 

CARO 

3.1 

I 

NXPOLl 

NUMBER  OF  THE  FIRST 
COORDINATE  USED  TO  FORM 
the  RADIUS 

I 

NXR0L2 

NUMBER  OF  THE  SECOND 
COORDINATE  USED  TO  FORM 
THE  RADIUS 

(5> 

A 

ROLREL 

RELATIONAL  SPECIFICATION 

R 

ROLVAL 

VALUE  TO  BE  USED  IN  THE 
FILTER 

(61 

R 

ROLCTRl 

FIRST  COORDINATE  OF  THE 
CENTER  OF  THE  RADIUS 

R 

ROLCTR2 

SECOND  COORDINATE  OF  THE 

CENTER  OF  THE  RADIUS 
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NOTES! 

1.  START  IN  COLUMN  1,  IT  IS  IMPORTANT  TO  INCLUDE 
ONE  AND  ONLY  ONE  BLANK  BETWEEN  THE  WORDS! 

2.  THE  MAXIMUM  NUMBER  OF  FILTERS  IS  20. 

3.  REPEAT  CAROS  IN  THIS  SET  UNTIL  ALL  THE  REQUIRED 
FILTERS  HAVE  BEEN  DEFINED.  EACH  ENTITY  ON  A 
CARO  IS  SEPARATED  FROM  THE  OTHERS  BY  EITHER  A 
COMMA  (  OR  A  BLANK  (  I  . 

k,  THE  COORDINATES  SPECIFIED  HERE  MAY  BE  ANY  TWO 
OF  THE  ELEVEN,  THE  MOST  USEFUL  WILL  PROBABLY 
BE  COORDINATES  3,  6  AND  9  (X,  Y,  AND  Z, 

RESPECTIVELY!  . 

5.  RELATIONS  WHICH  ARE  TO  BE  USED  IN  THE  FILTERS 
ARE  LIMITED  TO  THE  FOLLOWING  VALID  TWO 
CHARACTER  ALPHABETIC  ENTRIES! 

EQ  -  equal; 

GE  -  GREATER  THAN  OR  EQUAL  T05 

GT  -  GREATER  THAN! 

LE  -  LESS  THAN  OR  EQUAL  TO! 

LT  -  LESS  THAN! 

NE  -  NOT  EQUAL  TO. 

6,  THE  DEFAULT  VALUES  OF  THE  CENTER  APE  0,0. 
DEFINING  THE  CENTER  AT  SOME  OTHER  POINT  IN 
SPACE  PERMITS  VARIOUS  PORTIONS  OF  THE  STRUCTURE 
TO  BE  CARVED  AWAY. 

EXAMPLE!  display  ALL  THOSE  LIBRARY  ELEMENT  TYPE  8*S 
WHICH  ARE  AT  A  RADIUS  OF  12. F  OR  LESS  FROM  THE  Z  AXIS, 

SOLUTION!  ESTABLISH  A  'STRSIFT*  FILTER  AS  FOLLOWS! 


RADIAL  FILTER 
1 

3,&,LEtl?.5,0.0,G.0 
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12.3.2.5  UNROLL 


UNROLL  PERMITS  YOU  TO  DISPLAY  A  SURFACE  IN  2 
OIMENSIOMS  BY  UNROLLING  IT  ABOUT  AN  AXIS.  DEFAULT  IS 
NOT  UNROLL*  THAT  IS.  IF  THE  UNROLL  DIRECTIVE  IS  NOT 
SELECTED.  THE  VIEW  WILL  BE  A  PROJECTED  IMAGE.  UNROLL  IS 
A  TWO  CARO  OPTION. 


DATA 


NOTES  TYPE 

variable 

CARO 

1 

(1)  A 

CAPO 

•UNROLL' 

f  2)  A 

CARO 

AXIS  NAME  OR  NUMBER 

CARO  2 


FIRST 

COORDINATE 

OF 

UNROLLING 

CENTER 

SECOND 

COORDINATE 

OF 

UNROLLING 

CENTER 

NOTESI 

1.  ENTER  THE  WORD  'UNROLL*  BEGINNING  IN  COLUMN  1. 

2.  PERMISSIBLE  AXIS  NAMES  ARE  'X*.  'Y'.  'Z'. 

SYNONYMS  ARE  '1'.  '2'*  AND  '3'.  RESPECTIVELY. 
THE  AXIS  NAMES  ARE  SEPARATED  FROM  THE  DIRECTIVE 
BY  A  COMMA  (,l  OR  ONE  OR  MORE  BLANKS  f  I. 

3.  THE  COORDINATES  OF  UNROLLING  CENTER  ARE  GIVEN 
IN  THE  ORDER  X-Y,  Y-Z*  OR  Z-X,  DEPENDING  ON  THE 
AXIS  SPECIFIED  ON  CARO  1. 

EXAMPLE!  UNROLL  4  CYLINDER  LOCATED  AT  THE  ORIGIN 
WITH  ITS  AXIS  COINCIDENT  WITH  THE  Z  AXIS. 
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SOLUTIONI  USE  THE  FOLLOWING  INPUTI 

UNROLL  Z 

o.o.c  .c 
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strsif: 

•VIEW  OIRECTIVE 


12.3.2.6  VIEW  AXIS 


VIEil  AXIS  PERMITS  YOJ  TO  CHANGE  THE  AXIS  ALONG 
WHICH  THE  STRUCTURE  IS  PROJECTED.  THE  DEFAULT 
PROJECTION  IS  THE  Z  AXIS.  VIEW  AXIS  IS  A  1  CARO  BLOCK. 


DATA 

MOTES  TYPE  VARIABLE 


CARO 

1 

(1) 

A 

CAPO 

•VIEW  AXIS* 

<  2» 

A 

CAOO 

AXIS  NAME  OR  NUMBER 

NOTESI 

1.  START  IN  COLUMN  1,  IT  IS  IMPORTANT  TO  INCLUDE 
ONE  AND  ONLY  ONE  BLANK  BETWEEN  THE  WORDS! 

2.  PERMISSIBLE  AXIS  NAMES  ARE  »X',  'Y',  'Z». 

SYNONYMS  ARE  'IS  'Z*.  AND  'SS  RESPECTIVELY. 
THE  AXIS  NAME  IS  SEPARATED  FROM  THE  DIRECTIVE 
BY  ONE  OR  MORE  BLANKS  f  I  . 

EXAMPLEI  VIEW  A  PROJECTION  BY  LOOKING  IN  THE  X 

direction. 

SOLJTIONI  INCLUDE  IN  THE  INPUT  DATA,  THE  FOLLOWING 

CARD! 


VIEW  AXIS  X 
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IZ.3.2.7  XYI  FILTER 


KYZ  filter  permits  YOU  TO  EXCLUDE  ELEMENTS  FROM  A 
DISPLAY  WHICH  00  NOT  LIE  WITHIN  A  REGION  SPECIFIED  BY 
COORDINATES  OF  THE  GRIOPOINTS.  XYZ  FILTER  IS  A  THREE 
CARO-TYPE  SET,  CARO  3  NAY  BE  REPEATED  UP  TO  20  TIMES, 
GIVING  A  MAXIMUM  NUMBER  OF  DEFINABLE  FILTERS  OF  20. 


DATA 

NOTES  TYPE  VAPIABLE 


CARO 

1 

(1> 

A 

CAPO 

•XYZ  FILTER' 

CARO 

2 

(2) 

I 

NXTPSTS 

NUMBER  OF  XYZ  FILTER  TESTS 

(3) 

CARO 

3,1 

<•«) 

I 

FLTRCRO 

NUMBER  OF  THE  COORDINATE 
TO  BE  FILTERED 

(E) 

A 

XTSTPPL 

RELATIONAL  SPECIFICATION 

R 

XTEST 

VALUE  TO  BE  USED  IN  THE 

filter 

NOTESI 

1,  start  in  COLUMN  1,  IT  IS  IMPORTANT  TO  INCLUDE 
ONE  ANO  ONLY  ONE  BLANK  BETWEEN  THE  WORDS! 

2,  THE  MAXIMUM  NUMBER  OF  FILTERS  IS  20. 

3,  REPEAT  CAROS  IN  THIS  SET  UNTIL  ALL  THE  REQUIRED 
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FILTERS  HAVE  BEER  DEFINED.  EACH  ENTITY  ON  A 
CARD  IS  SEPARATED  FROH  THE  OTHERS  BY  EITHER  A 
COHHA  (,)  OR  A  BLANK  f  ). 

k,  ANY  OF  THE  COORDINATES  MAY  BE  SPECIFIED  IN  A 
FILTER. 

5.  RELATIONS  WHICH  ARE  TO  BE  USED  IN  THE  FILTERS 
ARE  LIMITED  TO  THE  FOLLOWING  VALID  TWO 
CHARACTER  ALPHABETIC  ENTRIES* 

EQ  -  EQUAL? 

GE  -  GREATER  THAN  OR  EQUAL  TO? 

GT  -  GREATER  THAN? 

LE  -  LESS  THAN  OR  EQUAL  TO? 

LT  -  LESS  THAN? 

NE  -  NOT  EQUAL  TO. 

EKANPLFI  PLOT  ONLY  THOSE  COORDINATES  lAND  HENCE 
ELEMENTS!  OF  LIBRARY  ELEMENT  TYPE  8  WHICH  LIE  BETWEEN  X 
COORDINATE  3,0  AND  15.0, 

SOLUTION*  ESTABLISH  A  'STRSIFT'  FILTER  AS  FOLLOWS* 


XYZ  FILTFR 
2 

3.5Et3.0 
3,LE,15.  0 
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12.4  MY 


•MY*  PERMITS  AN  ADVANCED  USER  TO  PUT  HIS  OWN  COOING 
INTO  ‘STRSIFT*  WITHOUT  RADICALLY  ALTERING  THE  PROGRAM 
STRUCTURE.  YOU  MUST  PROVIDE  A  ROUTINE  NAMED  'MY*  WHICH 
HILL  HANDLE  ANY  OF  YOUR  INPUT  ON  THE  FIRST  CALL.  AND 
WHICH  DOES  THE  FILTERING  ON  A  SECOND  CALL.  »MY*  IS 
INITIALLY  A  1  CARO  BLOCK?  YOU  HAY  OF  COURSE  DO 
INPUT/OUTPUT  IN  YOUR  OWN  CODE.  YOU  MAY  ADD  ANY  OTHER 
ROUTINES  DESIRED  AS  HELL. 

THE  COMMON  BLOCK  /MINE/  IS  PROVIDED  FOR  USERS.  IT 
CONTAINS  10'’  WORDS,  THE  FIRST  OF  WHICH  IS  SET  TO  INTEGER 

1. 

EXAMPLE*  SET  UP  A  FILTER  WHICH  PASSES  ONLY  ODD 
NUMBERED  ELEMENTS. 

SOLUTION!  PROVIDE  THE  ROUTINE  'MY*  AS  FOLLOWS.  AND 
RELOAD  AMO  EXECUTE  THE  PROGRAM  WITH  THE  'MY*  DIRECTIVE! 


SUBROUTINE  MV 

COMMON  /MINE/  USERClOO! 

INTEGER  USER 

COMMON  /PLOTLMN/  PLOTLMN C2048I 
LOGICAL  PLOTLMN 

COMMON  /TOTALS/  TOTNOOS,  TOTLMNS 

♦  FIRST  TINE  ME  ENTER  THE  PROGRAM 
IF  (USERC2)  ,NE.  0  )  GOTO  10 

USEPC2I  =  1 
RETURN 

•  SECOND  TIME  WE  ENTER  THE  PROGRAM 
10  CONTINUE 

DO  2C  I  =  2,  TOTLMNS,  2 
PLOTLMNfll  =  .FALSE. 

20  CONTINUE 
RETURN 
END 
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12.5  EXECUTION 


12.5.1  FROM  RATCH.. .FIRST  RUNt 


J08CARO*CM70000. 

CHARGE.YOUR.GOBBLYGOOK. 

COHHENT, - - - - - 

COMMENT.  PRODUCE  FILE  <NE1IIN>. 

COMMENT. - 

ATTACH, IIA8S,I0=CSPR. 

ATTACH.OATA.YOUROATA, ID=YOUR. 

MASS. 

UNLOAD, HABS, DATA. 

COMMENT. - - - 

COMMEN'^.  ATTACH  TAPE62,  RESERVE  PERM  FILE 
COMMENT,  SPACE  FOR  OTHER  FILES. 

COMMENT, - - - 

ATrACH,TAPE62,YOURTAPE62FROMSU8STRC,IO=YOUR. 

REaUEST,MSLMN,*PF. 

REQUEST, MSXYZ,*PF, 

REQUEST, MSTRES,*PF, 

REQUEST, DATA, *PF. 

REQUEST, TAPE11,*PF, 

COMMENT. - 

COMMENT,  EXECUTE  'STRSIFT*,  SAVE  FILES 

COMMENT, - 

ATTACH, STRSIFT, IO=CSPR. 

STRSIFT,, ,NFMIN. 

CArALOG,MSLMN,VOURHSLMNANALVSISNAME,IO=YOUR, 
CATALOG,MSXYZ,YOURMSXVZANALYSISNAME,TO=YOUR. 
CATALOG,MSTRES, YOURMSTRFSANALYSISNAME.IDsYOUR, 
CATALOG,OATA, VOURANALYSISNAMEPLOTDATA,IDsYOUR. 
CATAL0G,TAPE11, Y0URANALVSISNAMETAPE11,1D=Y0UR, 


12,5.2  FROM  BATCH,, .SUBSEQUENT  RUNS* 


J0BCARD,CM7000n , 

CHARGE,Y0UR,G08BLYG00K. 

COMMENT, - 

COMMENT.  ATTACH  PERM  FILES,  REQUEST  SPACE  FOR 
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COMMENT,  <QATA>  AND  <TAPF11> 

COMMENT. - - - 

attach,hslmn,yourmslnnanalvsisnahe,id=tour. 

ATT ACH, MSXY Z.YOUPMSXYZ ANAL YSISNAME, 10= YOUR, 

attach,mstres,yourmstresamalysisnahe,io=your. 

REaUEST,OATA,*PF. 

REaUFST,TAPEll,*PF, 

COMMENT, - 

COMMENT.  EXECUTE  'STRSIFT*,  SAVE  FILES 

COMMENT, - - - 

ATTACH, STRSIFT, IO=CSPR. 

STRSIFT, ,,NEHIN. 

CATAL06,nATA,YOURANALYSISNAHePLOT!JATA,IO  =  YOUR, 
CATALOG,TAPE11,YOURANALYSISNAMETAPE11,IO=YOUR. 


12,5,3  FROM  TTY 


NOT  POSSIBLE  BECAUSE  'STRSIFT*  TAKES  TOO  MUCH  CM, 


12.5,4  DEFAULT  EXECUTE  CARO 


STRSIFT,TNPUT,0UTPUT,INFILE.0ATA,DUMHY,TAPE62,DUMMY, 
MSLMN.MSXYZ,  MSTRES, 
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12.6  LIMITATIONS  AND  REMARKS 


1.  LARGEST  NUMERICAL  MOOELI  20A8  ELEMENTS  AND  2048 
NODES, 

2.  ELEMENT  TYPES  HANOLEOt  8  CDOU0LV  CURVED  SHELL 
TRIANGLE!  AND  13  <OPEN  SECTION  CURVED  BEAM), 

3.  MACHINEt  CDC  6000  SERIES. 

4.  CENTRAL  MEMORYf  70000  WORDS, 

5.  TIME  ESTIMATEI  ABOUT  5  NODES  PER  CPU  SECOND. 

6.  PROGRAM  MAINTENANCE t  THE  PROGRAM  IS  CURRENTLY 

BEING  MAINTAINED  BY  THE  AUTHOR.  SOURCE  CODE  IS 
LOCATED  IN  THE  UPDATE  PROGRAM  LIBRARY 
CSPOSTRSIFTPL,  IO=CSRO,  COMPILED  ROUTINES  ARE 
IN  THE  PRELOAD  LIBRARY  CSROSTRSIFTPRE*  ID=CSPO. 
ABSOLUTE  (TASK  LOADED!  FILE  IS  STRSI FT , ID=CSPR. 
COPIES  OF  THE  FILES  ARE  MAINTAINED  ON  DISK 

0Vu7l7. 

7.  PLACES  FOR  IMPROVEMENT!  'STRSIFT*  COULD  BE 

EXTENDED  TO  HANDLE  ALL  THE  ELEMENT  TYPES  IN  THE 
*SU8STRC*  LIBRARY, 


12.7  CRUMBLE 


•CRUMBLE*  IS  A  CYBER  CONTROL  LANGUAGE  (REFERENCE 
CCCL>!  PROCEDURE  WHICH  BREAKS  UP  A  FILE  (SAY,  <OATA>! 
CREATED  WITH  FORTRAN.  EACH  OF  THE  PARTITIONS  IN  <DATA> 
BECOMES  A  SEPARATE  FILE.  EACH  OF  THE  PARTITIONS  IS 
WRITTEN  TO  PERMANENT  FILE  DISC,  AND  MAY  BE  CATALOGED  AT 
THE  OPTION  OF  THE  USER.  NONE  OF  THE  FILES  ARE  REWOUND. 

EXECUTION! 


ATrACH,PROCFIL,CCLLIB,IO=CSRO. 

8EGIN,CRUHBLE,PR0CFIL,URTAPE,NAME,N. 
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BEGIN  INITIATES  EXECUTION  OF  THE  PROCEDURE 

CRUHBLE  IS  THE  NAME  OF  THE  PROCEDURE 

PROCFIL  IS  THE  NAME  OF  THE  PROCEDURE  FILE  WHENCE 

THIS  PROCEDURE  IS  BEING  EXECUTED. 

URTAPE  IS  YOUR  TAPE  (PRODUCED  BY  A  FORTRAN 

PROGRAM),  DEFAULT  VALUE!  URTAPE  =  DATA 

NAME  IS  THE  NAME  OF  THE  FILE(S)  TO  BE  PRODUCED 

BY  CRUMBLE,  DEFAULT  VALUE!  NAME  =  FILE 

N  IS  THE  NUMBER  OF  FILES  EXPECTED  ON 

URTAPE.  DEFAULT  VALUE!  N  =  7 

EXAMPLE!  BREAK  UP  THE  FILE  <DATA>  AND  SAVE  THE  ^TH 
PARTITION  ON  PERMANENT  FILE, 

SOLUTION!  AT  A  TERHINAL,  EXECUTE  THE  FOLLOWING 
COMMANDS! 


attach,procfil,ccllib,io=csro. 

attach,data,youroatafile,io=your, 

BEGIN, CRUMBLF. 

CATAL0G,FILE4,FILE4,I0=Y0UR, 


NOTES! 

1,  YOU  NOW  HAVE  THE  FOLLOWING  FILES  ATTACHED  TO 
YOUR  TERMINAL!  <PROCFIL>,  <OATA>,  <FILF1>, 
<FILE2>,  <FILE3>,  <FILE4>,  <FILE5>,  <FILE6>, 
<FILE7>, 

2,  NONE  OF  THE  FILES  ARE  REWOUND. 

3,  EACH  OF  THE  FILES  <FILEN>  IS  WRITTEN  TO 
PERMANENT  FILE,  SO  YOU  CAN  SAVE  ANY  OF  THEM  BY 
EXECUTING  A  PROPER  CATALOG. 
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12.8  FILE  STRUCTURE 


THE  KNOWLEDGE  OF  THE  FILE  STRUCTURE  USED  BY 
•STRSIFT*  IS  NOT  NECESSARY  FOR  ITS  USE.  HOWEVER,  THIS 
KN0MLE05E  MOULD  BE  INVALUABLE  TO  SOMEONE  WHO  WISHES  TO 
MODIFY  THE  PROGRAM.  HENCE,  THIS  SECTION  DESCRIBES  THE 
MASS  STORAGE  RANDOM  ACCESS  FILES  USED  BY  •STRSIFT*. 


12.8.1  MSLMN 


MSLMN  IS  THE  MASS  STORAGE  ELEMENT  FILE. 


12.8.1.1  MAIN  INDEX 


THE  MAIN  INDEX  IS  NAMED  LMASTER  DIHENSIONEO  10 

WORDS 


WORD  ADDRESS  TOl 

1  LLISTrPC2048»  -  A  LIST  OF  THE  ELEMENT  TYPES 

2  LMNNOX(2048I  -  THE  FILE  SUBINOEX 

3  TOTMOOSC2I  -  THE  TOTAL  NUMBER  OF  NODES  AND  ELEMENTS 


12.8.1.2  SUBINOEX 


LMNNOX  IS  SET  AS  THE  FILE  SUBINDEX  WITH  A  CALL  TO 
STINOK.  EACH  ENTRY  IS  A  POINTER  TO  THE  MESH  FOR  THAT 
ELEMENT?  I.E.  LMNNDX(36)  POINTS  TO  THE  NODE  NUMBERS 
COMPRISING  THE  36TH  ELEMENT  (SEQUENTIALLY)  IN  THE  ENTIRE 

structural  model. 
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12.8.2  iSXYZ 


NSXYZ  IS  THE  MASS  STORAGE  COORDINATES  FILE. 


12.8.2.1  MAIN  INDEX 


THE  MAIN  INDEX  IS  NAMED  XMASTER  DIMENSIONED  5  WORDS 


WORD  ADDRESS  TOf 

1  TOTNOOS*2I  -  THE  TOTAL  NUMBER  OF  NODES  AND  ELEMENTS 

2  KLISTYP(TOTNOOS>  -  A  LIST  OF  THE  TYPE  OF  ELEMENT  TO 
WHICH  THIS  GRIOPOINT  BELONGS 

3  XYZXTM(18.2»  -  A  LIST  OF  THE  EXTREME  VALUES  OF 
COORDINATES  FOR  THIS  ANALYSIS.  NOTE  THAT  AN  ANALYSIS 
WHICH  USES  SEVERAL  KINDS  OF  ELEMENTS  WILL  PROBABLY 
HAVE  MIXED  UP  EXTREME  VALUES, 

4  XYZNOX(2048I  -  THE  SUBINOEX  TO  THE  FILE 


12.8.2.2  SUBINOEX 


XYZNDX  IS  SET  AS  THE  FILE  SUBINOEX  WITH  A  CALL  TO 
STINOK.  EACH  ENTRY  IS  A  POINTER  TO  THE  COMPLETE  SET  OF 
COORDINATES  FOR  THE  GRIOPOINT?  E.G.,  XYZNDX(273I  POINTS 
TO  ALL  the  COORDINATES  ASSOCIATED  WITH  THE  273RD  NODE 
(SEQUENTIALLY)  IN  THE  ENTIRE  STRUCTURAL  MODEL. 


12.8.3  MSTRES 


MSTRES  IS  the  mass  STORAGE  STRESS  FILE. 
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1^.8.3.1  MAIN  INDEX 


THE  MAIN  INDEX  TO  THE  FILE  IS  NAMED  SMASTER 
DIMENSIONED  k  WORDS. 


WORD  ADDRESS  TOt 

1  SPL0TSfl3)  -  THE  ARRAY  WHICH  TELLS  WHICH  fIF  ANY) 
PLOTS  ARE  TO  0E  MADE. 

IF  SPLOTS(I)  =  1,  PLOT  THIS  STRESS, 

IF  SPLOTS(I)  =  0,  DO  NOT  PLOT  THIS  STRESS. 

2  STRSNOXC2048I  -  THE  FILE  SU8IN0EX 

3  STRSXTM«13,2I  -  THE  EXTREME  STRESS  VALUES. 


12.8.3.2  SUBINOEX 


STRSNDX  IS  SET  BY  A  CALL  TO  STINOX.  EACH  ELEMENT 
OF  STRSNDX  IS  A  POINTER  TO  THE  SET  OF  STRESSES  FOR  AN 
ELEMENT  FOR  ALL  INTEGRATION  POINTS.  THUS,  FOR  LIBRARY 
ELEMENT  TYPE  8  FOR  EXAMPLE,  STRSNDX 1456 )  POINTS  TO  A  7  ♦ 
7  ARRAY  OF  STRESSES  (7  INTEGRATION  POINTS)  ♦  CTHE 
STRESSES  GG,  HH,  GH,  MAXIMUM  PRINCIPAL  STRESS,  MINIMUM 
PRINCIPAL  STRESS,  MAXIMUM  SHEAR  STRESS,  AND  THE 
HENCKY-VON  MISES  STRESS)  FOR  THE  456TH  ELEMENT 
(SEQUENTIALLY)  IN  THE  ENTIRE  STRUCTURAL  MODEL, 


12.8.4  HSIPXS 


NSIPXS  IS  THE  MASS  STORAGE  INTEGRATION  POINTS 
COORDINATES  FILE. 


12. 8. <,,1  MAIN  INDEX 


THE  MAIN  INDEX  OF  THE  FILE  IS  NAMED  IMASTER 
DIMENSIONED  10  WORDS. 


WORD  ADDRESS  TOI 

1  IPXSNOX(2048)  -  THE  SUBINDEX  TO  THE  FILE 
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2  PLOTLMNC2048»  -  INDICATES  ELEMENTS  TO  BE  PLOTTED 
PLOTLMNCH  =  1  MEANS  PLOT  ELEMENT  i; 

PL3TLMNCI»  =  0  MEANS  DO  NOT  PLOT  ELEMENT  •!» 

3  PLOTXYZC2048)  -  INDICATES  NODES  TO  BE  PLOTTED 
PLOTXYZCII  =  1  MEANS  PLOT  NODE  i: 

PLOTXYZdl  =  0  MEANS  DO  NOT  PLOT  NODE 


12.8.4.2  SUBINDEX. 


IPXSNOX  IS  SET  BY  A  CALL  TO  STINOX.  EACH  ENTRY 
POINTS  TO  the  COMPLETE  INTEGRATION  POINT  COORDINATE 
ARRAY  FOR  AN  ELEMENT.  THUS.  FOR  LIBRARY  ELEMENT  TYPE  8 
FOR  EXAMPLE,  IPXSN0XC324»  POINTS  TO  A  2  *  7  ARRAY  XINT 
(2  COOROINATES  TO  BE  USED  IN  THE  PICTURE!  •  (7 
INTEGRATION  POINTS  PER  ELEMENT!  FOR  THE  324TH  ELEMENT 
(SEQUENTIALLY!  IN  THE  ENTIRE  STRUCTURAL  MODEL. 
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♦MABS*  INPUT 
rNTROQUCTIOM 


13.1  INTRODUCTION 


INPUT  TO  THF  PROGRAM  CONSISTS  OF  ALPNABFTIC,  INTEGER, 
•NO  REAL  VARIABLES  ON  CAROS  OP  CARO  IMAGES.  FOR  BREVITY, 
PHE  WORD  'CARD*  HILL  HEREAFTER  BE  UNDERSTOOD  TO  REFER  TO 
EITHER  A  CARO  OR  A  CARO  IMAGE. 

THE  PROGRAM  USES  FREE-FORMAT  INPUT,  AND  ELIMINATES  MUCH 
OF  THE  (MIS> COUNTING  WHICH  IS  USUALLY  A  LARGE  PART  OF  FINITE 
BLEMENT  INPUT  OATA  PREPARATION.  VARIABLES  ON  A  CARO  ARE 
SEPARATED  BY  A  COMMA  OR  BY  ONE  OR  MOPE  BLANKS.  DATA  ITEMS 

may  BEGIN  IN  ANY  COLUMN  ON  A  CARO.  MAXIMUM  NUMBER  OF 

OOLUMNS  PERMITTED  IS  80. 

OATA  ARE  ORGANIZED  INTO  BLOCKS  THRU  THE  USE  OF 

«OrEECTIVES*  ANO  'END'  CAROS.  THE  BLOCKS  ARE  SOMETIMES 

FURTHER  SUaOIVIOEO  INTO  CAROSETS.  CAROSETS  ARE  INDICATED  IN 
PHIS  MANUAL  BY  THE  STATEMENT!  'CARO  M.N»,  WHERE  'M*  IS  THE 
NUMBER  OF  THE  CAROSET,  ANO  'N*  IS  THE  CARO  IN  THAT  CARDSET. 

the  INPUT  OATA  MUST  BE  IN  THE  FOLLOWING  ORDER! 

1.  THE  title  BLOCK,  IF  IT  EXISTS, 

2.  THE  LIBRARY  BLOCK,  IF  NO  TITLE  BLOCK  EXISTS,  THE 
LIBRARY  BLOCK  MUST  BE  THE  FIRST  BLOCK. 

3.  ANY  other  BLOCK.  THE  INTERSUBSTRUCTURE 
connectivity  BLOCK  MUST,  HOWEVER,  BE  INPUT  AFTER 
ALL  the  SUBSTRUCTURES  HAVE  BEEN  INPUT, 

three  types  of  DATA  ARE  READ  BY  THE  PROGRAM!  ALPHABETIC, 
INTEGER,  ANO  PEAL. 

ALPHABETIC  DATA  APE  USEO  FOR  LAPELS  AND  DIRECTIVES, 
DIRECTIVE  NAMES  ARE  SHOWN  IN  THIS  MANUAL  ENCLOSED  IN  DOUBLE 
QUOTES  ("I,  ALPHABETIC  DATA  ARE  INDICATED  BY  AN  IN  THE 

•DATA  TYPE*  COLUMN  OF  THE  INPUT  VARIABLE  SPECIFICATION. 

INTEGER  DATA  APE  USED  FOR  BOOKKEEPING.  INTEGER  OATA 
VARIABLES  ARE  INDICATED  BY  AN  *1*  IN  THE  'DATA  TYPE*  COLUMN 
OF  THE  IMPUr  VAOIABLE  SPECIFICATION.  INTEGER  OATA  MUST  NOT 
aONT*lN  A  DECIMAL  POINT. 
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REAL  DATA  APE  USED  FOP  COORDINATES,  MATERIAL  PROPERTIES, 
PTC.  REAL  DATA  VARIABLES  ARE  INDICATED  BT  AN  'R*  IN  THE 
eOATA  TYPE*  COLIJHN  OF  THE  INPUT  VARIABLE  SPECIFICATION. 
REAL  VARIABLES  NAY  CONTAIN  A  DECIMAL  POINT, 


13.1,1  FORMAT  OF  THE  INPUT  SPEC IFIC A T TONS 


EACH  DATA  BLOCK  IS  INTRODUCED  BY  A  BRIEF  DISCUSSION  OF 
THE  INPUT  POSSIBLE  IN  THE  BLOCK,  THIS  IS  FOLLOWED  BY  THE 
SPECIFICATIONS  FOO  EACH  VARIABLE  ON  EACH  CARO,  THE 
SPECIFICATIONS  ARE  IN  TURN  FOLLOWED  BY  NOTES  WHICH  FURTHER 
EXPLAIN  TKE  INPUT. 

THE  INPUT  SPECIFICATIONS  THEMSELVES  ARE  ORGANIZED  INTO 
FOUR  COLJMNSI 

the  FIRST  COLUMN  CONTAINS  THE  NOTE  NUMBER  TO  WHICH  YOU 
ARE  REFERRED  FOR  FURTHER  INFORMATION  CONCERNING  THIS  INPUT 
9ARDSET,  CARO,  OR  VARIABLE, 

THE  SECOND  COLUMN  CONTAINS  THE  DATA  TYPE  INDICATOR!  *A* 
FOP  ALPHABETIC,  *1*  FOR  INTEGER,  AND  *R»  FOR  REAL, 

the  THIRD  COLUMN  IS  THE  VARIABLE  NAME!  NAMES  WHICH  END 
WITH  »ORC*  ARE  DIRECTIVES, 

the  fourth  COLUMN  IS  A  BRIEF  DESCRIPTION  OF  THE 
VARIABLE. 
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13.2  TITLE 


THIS  BLOCK  PERMITS  THE  TITLING  OF  OUTPUT.  DEFAULT  IS 
ONO  TITLE*. 

CAROS  ARE  READ  FROM  THE  INPUT  FILE  UNTIL  A  MAIN 
BIRECTIVE  IS  ENCOUNTERED.  THESE  CARDS  ARE  ALL  LISTED  ON  THE 
FIRST  PACE  OF  THE  OUTPUT  FOLLOWING  THE  SUBSTRC  BANNER  PAGE 
CONLY  THE  FIRST  TITLE  CARO  HILL  BE  PRINTED  ON  THE  HEADING  OF 
EACH  SUBSTRC  OUTPUT  PAGE!.  THUS*  AS  THE  FIRST  WORD  OF  YOUR 
TITLE  YOU  SHOULD  AVOID  USING  WORDS  WHICH  BEGIN  WITH  THE 
FI^ST  4  CHARACTERS  OF  ANY  OF  THE  MAIN  DIRECTIVES.  THE  TITLE 
□ARDCSI  MUST  BE  THE  FIRST  CAROCSI  IN  THE  DATA  STREAM. 

The  title  data  are  optional,  up  to  bo  columns  of  title 

NAY  BE  ENTERED  ON  EACH  TITLE  CARO.  UP  TO  60  TITLE  CAROS  MAY 
BE  INPUT. 


DATA 

NOTES  TYPE  VARIABLE 


CARO  1 

A  CAPO  TITLE 
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t3.3  LIBRARY 

THE  LIBRARY  BLOCK  SPECIFIES  ITEHS  TO  BE  CHOSEN  FROM  THE 
PROGRAM  LIBRARY  TO  BE  USED  IN  THE  ANALYSIS.  THIS  BLOCK  MUST 
FOLLOW  THE  "TITLE*  BLOCK.  IF  THE  'TITLE*  BLOCK  EXISTS. 

DATA 

NOTES  TYPE  VARIABLE 

(it  CARO  1 

A  MAINORC  "LIBRARY- 

CARD  2.1 

A  LIBRORC  "ELEMENTS" 

CARO  2.2 

(21  I  LMNTYPEl 

I  LMNTYPE2 

I  LMNTYPE3 

(31  CARO  3 

A  LIBRORC  -DEBUG- 

I  DEBUG  DEBUG  SWITCH  SETTING 


ELEMENT  TYPE 
ELEMENT  TYPE 
ELEMENT  TYPE 
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(U)  CAR3  c^.l 


A  LIBRPRC 


-TYING  TYPES- 


CARO  <*.2 


(51  I  TIETYPE 


NUMBER  OF  TME  TYING  TYPE 


I  NRETAIN 


NUMBER  OF  RETAINED  NODES 


NOTES! 

1.  ALL  OF  THE  DIRECTIVES  WHICH  APPEAR  IN  THIS 
BLOCK  MAY  BE  ABBREVIATED  TO  THE  FIRST  4 
CHARACTERS. 

2.  THE  'LMNTYPE'  VARIABLES  SELECT  ELEMENTS  FROM 
THE  ELEMENT  LIBRARY.  A  MAXIMUM  OF  3  TYPES  MAY 
BE  SELECTED.  NOTE!  THIS  BLOCK  IS  A  MANDATORY 
BLOCK! 

3.  USE  THIS  UNDER  DIRECTION  OF  PROGRAM  AUTHOR. 

4.  THIS  BLOCK  IS  MANDATORY  IF  THERE  ARE  TO  BE 
'TIES*  IN  ANY  SUBSTRUCTURE. 

5.  THE  NUMBER  OF  RETAINED  MOOES  DEPENDS  ON  THE 
TYING  TYPE!  SEE  THE  DISCUSSION  ON  TYING  TYPES. 
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HAIM  DIRECTIVE 


13. U  SUBSTRUCTURE  MODELING 


THESE  DATA  DEFINE  THE  MODEL  TO  SUBSTRC.  SOME  OF  THF 
BLOCKS  are  required,  OTHERS  ARE  OPTIONAL,  DEPENDING  ON  THE 
ANALYSIS.  ALL  OF  THE  SUBSTRUCTURE  MODELING  BLOCKS  MUST 
PRECEDE  THE  INTERSUBSTRUCTURE  CONNECTIVITY  BLOCK. 

THE  FOLLOWING  IS  A  LIST  OF  THE  AVAILABLE  DIRECTIVES  IN 
THE  SUBSTRUCTURE  MODELING  BLOCK. 


BOUNDARY  CONDITIONS 

OPTIONAL 

CONNECTIVITY 

REQUIRED 

coordinates 

REQUIRED 

distributed  loads 

OPTIONAL 

EDGE  NODES 

REQUIRED 

GEOMETRY 

OPTIONAL 

CONCENTRATED  LOADS 

OPTIONAL 

property 

REQUIRED 

TRANSFORMATIONS 

OPTIONAL 

TIES 

OPTIONAL 

WORK  hardening 

OPTIONAL 

END 

OPTIONAL 

the  following  directives  are  ALWAYS  REQUIREDI 

BOUNDARY  CONDITIONS 

CONNECTIVITY 

COORDINATES 

EDGE  NODES 

PROPERTY 

NOTE  THAT  THE  BOUNDARY  CONDITIONS  OPTION  MUST  BE 
SPECIFIED  IN  AT  LEAST  ONE  SUBSTRUCTURE  TO  REMOVE  THE 
ROSSIBILITY  OF  RIGID  BODY  MOTION?  IT  IS  NOT  A  REQUIRED 
OPTION  IN  ALL  OF  TH?  SUBSTRUCTURES. 


•MftBS'  INPUT 


SUBSTRUCTURE 

HODELINC 

MAIN  DIRECTIVE 

OATA 

NOTES  TYPE 

VARIABLE 

CARO 

1 

(1)  A 

MAINORC 

-SUBSTRUCTURE- 

(21  I 

NSBS 

NUMBER  OF  THE  SUBSTRUCTURE 

NOTESI 

1. 

THIS  DIRECTIVE 

MAY  NOT  BE  ABBREVIATED, 

2.  SUBSTRUCTURES  NAT  BE  INPUT  IN  ANY  ORDER 
DESIRED,  A  CONSISTENT  PLAN  SHOULD  BE  FOLLOWED, 
HOWEVER,  WHICH  WILL  ALLOW  YOU  TO  EASILY 
INTERPRET  BOTH  PROGRAH  INPUT  AND  OUTPUT, 
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13.4.1  boumoary  conditions 


THE  boundary  conditions  ARE  THE  CONSTRAINTS  WHICH  YOU 
•iSH  TO  apply  fO  THE  MODEL.  SU8STRC  ALLOWS  YOU  TO  SPECIFY 
BISPLACEMENTS  other  than  ZERO  AT  THE  NODES.  THE  WORD 
■^DISPLACEMENT"  IS  HERE  TAKEN  AS  A  GENERAL  TERM  MEANING 
BEFLECTIOM,  ROTATION.  TRANSLATION.  ETC.  DEPENDING  ENTIRELY 
ON  THE  DEGREE  OF  FREEDOM  UNDER  CONSIDERATION.  THESE  DATA 
ARE  REQUIRED  IN  AT  LEAST  ONE  SUBSTRUCTURE  IN  THE  OVERALL 
MODEL  TO  PREVENT  RIGID  BODY  MOTION  OF  THE  MODEL. 

THIS  BLOCK  MAY  BE  SELECTED  ONLY  ONCE  PER  SUBSTRUCTURE. 
OMIT  THIS  ENTIRE  BLOCK  IF  NO  BOUNDARY  CONDITIONS  ARE  TO  BE 
applied  TO  A  SUBSTRUCTURE. 


NOTES 

DATA 

TYPE 

VARIABLE 

CARO 

1 

(11 

A 

SUBSDRC 

"BOUNDARY  CONDITIONS" 

CARD 

2.1 

(2) 

R 

FASTEN 

MAGNITUDE  OF  THE  SPECIFIED 
DISPLACEMENT 

(3) 

I 

NFIRST 

THE  NUMBER  OF  THE  FIRST 
NODE  TO  BP  CONSTRAINED. 
OR.  THE  TOTAL  NUMBER  OF 
NODES  TO  BE  CONSTRAINED  BY 
THIS  DATA  BLOCK. 

(3» 

I 

NLAST 

THE  NUMBER  OF  THE  LAST 
NODE  TO  BE  CONSTRAINED, 
OR.  C. 

fu) 

I 

DFIRST 

THE  NUMBER  OF  THE  FIRST 
DEGREE  OF  FREEDOM  TO  BE 
CONSTRAINED,  OR,  THE  TOTAL 
NUMBER  OF  DECREES  OF 
FREEDOM  TO  BE  CONSTRAINED. 
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(4)  I  OLAST 

(5)  CARD  2.2  -NODE  LIST 
I  NNOOECll 

I  NN00E(2I 


BOUNDARY  CONDITIONS 


THE  NUMBER  OF  THE  LAST 
DEGREE  OF  FREEDOM  TO  BE 
CONSTRAINED,  OR,  0, 


FIRST  NODE  TO  HAVE 
DISPLACEMENT  =  'FASTEN* 
PER  CARD  2.1 

SECOND  NODE  TO  HAVE 
DISPLACEMENT  =  'FASTEN* 
PER  CAPO  2.1 


(6) 

I 

NNOOEfNFIRSTI 

LAST  NODE 

DISPLACEMENT  = 
PER  CARO  2.1 

TO  HAVE 

'FASTEN' 

(7» 

CARO 

2.3  -DEGREE 

OF  FREEDOM  LIST- 

I 

lOOFdl 

FIRST  0.0. F. 

DISPLACEMENT  = 
PER  CARO  2.1 

TO  HAVE 
'FASTEN* 

I 

I00F(2» 

SECOND  0.0. F. 
DISPLACEMENT 

PER  CARD  2.1 

TO  HAVE 

=  'FASTEN' 

(8) 


IDOFCDFIRSTI 


LAST  0.0. F. 
DISPLACEMENT 
PER  CARO  2.1 


TO  HAVE 
'FASTEN' 
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BOUNDARY  CONDITIONS 


NOTES* 

1.  THIS  DIRECTIVE  MAY  BE  ABBREVIATED  TO  THE  FIRST 
U  CHARACTERS,  I.E.,  “BOUN" 

2.  MAGNITUDE  OF  THE  SPECIFIED  DISPLACEMENT 

3.  YOU  MAY  SPECIFY  AN  INCLUSIVE  RANGE  OF  NODES  TO 

WHICH  THE  BOUNDARY  CONDITIONS  MILL  BE  APPLIED 
BE  ENTERING  ‘NFIRST*  AND  ‘NLAST*  SUCH  THAT  0  < 

«NFIRST*  <  'NLAST*.  FOR  EXAMPLE,  TO  SET 
DISPLACEMENT  OF  NODES  2,  3,  4,  5,  AND  6  TO  THE 
VALUE  OF  'FASTEN*  ON  CARO  2.1,  'NFIRST*  =  2  AND 
•NLAST*  =  6. 

ALTERNATIVELY,  YOU  MAY  SPECIFY  THAT  THE 
BOUNDARY  CONDITION  IS  TO  APPLY  TO  A  LIST  OF 
NODES.  IN  THIS  CASE,  *NFIRST'  =  THE  LENGTH  OF 
THE  LIST,  AND  'NLAST*  *  3.  DO  NOT  OMIT 
*NLAST*!  YOU  MUST  THFM  INCLUDE  CARO  2.2  TO 
LIST  THESE  NODES. 

4.  YOU  NAY  SPECIFY  AN  INCLUSIVE  RANGE  OF  0.0. F.S 
TO  WHICH  THE  BOUNDARY  CONDITIONS  HILL  BE 
APPLIED  BY  ENTERING  'DFIRST*  AND  'DLAST*  SUCH 
THAT  0  <  'OFIRST*  <  »OLAST».  FOR  EXAMPLE,  TO 
SET  DISPLACEMENT  OF  D.O.F.S  2,  3,  4,  5,  AND  6 
TO  THE  VALUE  OF  'FASTEN'  ON  CARD  2.1,  'OFIRST' 
=  2  AND  'OLAST*  =  6. 

alternatively,  you  may  SPECIFY  THAT  THE 
BOUNDARY  CONDITION  IS  TO  APPLY  TO  A  LIST  OF 
0.0. F.S.  IN  THIS  CASE,  'OFIRST'  =  THE  LENGTH 
OF  THE  LIST,  AND  'OLAST'  =  0,  OR  IS  OMITTED. 
YOU  MUST  THEN  INCLUDE  CARO  2.3  TO  LIST  THESE 
0.0. F«S. 

5.  INCLUDE  THIS  CARO  IF,  AND  ONLY  IF,  A  LIST  OF 
NODES  IS  TO  BE  SPECIFIED?  'NLAST'  *  0  ON  CARO 

2.1. 

6.  IF  THE  LIST  LENGTH  IS  GREATER  THAN  16,  CONTINUE 
THE  LISTING  ON  ADDITIONAL  CARO  2.2'S 
IMMEDIATELY  FOLLOWING,  UNTIL  THE  LIST  IS 
SATISFIED.  THE  MAXIMUM  LIST  LENGTH  PERMITTED 
IS  128. 
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7.  INCLUDE  THIS  CARO  IF,  AND  ONLT  IF,  A  LIST  OF 
O.O.F.S  IS  TO  BE  SPECIFIED?  'OLAST*  =  0  ON  CARO 

2.1. 

8,  IF  THE  LIST  LENGTH  IS  GREATER  THAN  16,  CONTINUE 
THE  LISTING  ON  ADDITIONAL  CARO  2.3*S 
IMMEDIATELY  FOLLOWING,  UNTIL  THE  LIST  IS 
SATISFIED,  THE  MAXIMUM  LIST  LENGTH  PERMITTED 
IS  128. 
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r3.U,2  CONCENTRATED  LOADS 


CONCENTRATED  LOADS  ARE  LOADS  SPECIFIED  AT  NODES?  THESE 
ARE  TYPICALLY  FORCES  AND  MOMENTS.  NOTE  THAT  NODE  LOADS  FOR 
AXISYMMETRIC  ELEMENTS  ARE  ACTUALLY  LOADS  ON  A 
OIRCUMFERENTIAL  LINE  AND  THE  VALUE  INPUT  SHOULD  BE  THE 
INTEGRAL  OF  THE  LOAD  AROUND  THE  CIRCUMFERENCE  OF  THE  MODEL. 

CONCENTRATED  LOADS  ARE  OPTIONAL  INPUT.  THIS  BLOCK  MAY 
BE  SELECTED  ONLY  ONCE  PER  SUBSTRUCTURE. 


DATA 

NOTES  TYPE  VARIABLE 


CARO  1 


(1) 

A 

SUBSORC 

"CONCENTRAT 

ED  LOADS- 

(2) 

CARO 

1  2 

I 

NODE 

NUMBER 

OF 

THE  NODE  TO  BE 

LOADED 

R 

XLOAOCll 

LOAD 

IN 

DIRECTION  OF 

D.O.F. 

1 

R 

XLOAOC2I 

LOAD 

IN 

DIRECTION  OF 

• 

D.O.F, 

2 

(3» 

R 

• 

• 

XLOAO(NOOF» 

LOAD 

IN 

DIRECTION  OF 

D.O.F,  'NDOF*  FREEDOM  AT 
THE  NODE. 
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NOTESI 

1.  THIS  DIRECTIVE  MAY  BE  ABBREVIATED  TO  THE  FIRST 
W  CHARACTERS,  I.E.,  “CONG" 

2.  IF  THE  LIST  LENGTH  IS  GREATER  THAN  7,  CONTINUE 
THE  LISTING  ON  ADDITIONAL  CARD  2»S  IMMEDIATELY 
FOLLOWING,  UNTIL  THE  LIST  IS  SATISFIED.  THE 
MAXIMUM  LIST  LENGTH  PERMITTED  IS  128.  THE 
CONCENTRATED  LOADS  FOR  ALL  DEGREES  OF  FREEDOM 
MUST  BE  GIVEN  ON  A  SINGLE  CARO(S)  2. 
SUBSEQUENT  INPUT  OF  CONCENTRATED  LOADS  FOR  THE 
SAME  NODE  WILL  OVERWRITE  ANY  PREVIOUS  VALUES 
ENTERED. 

3.  THE  NUMBER  OF  DEGREES  OF  FREEDOM  AT  A  NODE 
DEPENDS  ON  THE  ELEMENTS  SELECTED  FORM  THE 
LIBRARY.  *NOOF*  IS  THE  MAXIMUM  OF  THE  NUMBER 
OF  DEGREES  OF  FREEDOM  OF  THE  ELEMENTS  SELECTED. 
THE  FOLLOWING  LISTS  THE  NUMBER  OF  DEGREES  OF 
FREEDOM  FOR  EACH  ELEMENT  TYPE  IN  THE  LIBRARYI 


1  AXISYMMETRIC  SHELL  3 

2  AXISYMMETRIC  SOLID  TRIANGLE  2 

3  PLANE  STRESS  ISOPARAMETRIC  QUAD  2 

u  VACANT  0 

5  BEAM  COLUMN  3 

6  PLANE  STRAIN  TRIANGLE  2 

7  LINEAR  ISOPARAMETRIC  BRICK  3 

P  DOUBLY  CURVED  SHELL  TRIANGLE  9 

9  3  DIMENSIONAL  TRUSS  3 

10  AXISYMMETRIC  SOLID  QUAD  2 

11  PLANE  STRAIN  QUAD  2 

12  VACANT  0 

13  OPEN  SECTION  BEAM  8 

11*  CLOSED  SECTION  BEAM  6 

15  AXISYMMETRIC  ISOPARAMETRIC  SHELL  4 

16  ISOPARAMETRIC  BEAM  4 

17  VACANT  0 

18  MEMBRANE  QUAD  3 

19  GENERALIZED  PLANE  STRAIN  QUAD  2 

2C  DOUBLY  CURVED  SHELL  QUAD  9 

21  QUADRATIC  ISOPARAMETRIC  BRICK  3 
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13. L. 3  connectivity 


THE  connectivity  BLOCK  DESCRIBES  HOW  THE  ELEMENTS  ARE 
FORMED  BY  THE  NODES.  A  MAXIMUM  OF  3  ELEMENT  TYPES  IS 
PERMITTED  PER  ANALYSIS.  EACH  SEPARATE  TYPE  OF  ELEMENT  TO  BE 
INPUT  REQUIRES  A  DISTINCT  “CONNECTIVITY**  BLOCK. 


DATA 

NOTES  TYPE  VARIABLE 


(1)  CARD  1.1 

(21  A  SUBSORC  “CONNECTIVITY" 


CARO  1.2 

(31  I  LMNTYPE  NUMBER  OF  THE  ELEMENT  IN 

THE  LIBRARY 


CARO  1.3 

(t)  I  nume  element  number 

I  NPKII  NUMBER  OF  THE  FIRST  NODE 

OF  THIS  ELEMENT 

I  NPIC2I  NUMBER  OF  THE  SECOND  NODE 

OF  THIS  ELEMENT 


2  I  NPItNNODEf  THE  NUMBER  OF  THE  LAST 

NODE  OF  THIS  ELEMENT  WHERE 
NNODE  IS  THE  NUMBER  OF 
NODES  REQUIRED  TO  DEFINE 
THE  ELEMENT. 


•MftBS*  IMPJT 
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CONNECTIVITY 


NOTESI 

1.  A  SEPARATE  SET  OF  CONMECTIVITT  CAROS  IS 
REQUIRED  FOR  ELEMENT  TYPE  IN  A  SUBSTRUCTURE. 

2.  THIS  DIRECTIVE  MAY  BE  ABBREVIATED  TO  THE  FIRST 
U  CHARACTERS,  I.E.,  “CONN" 

3.  THE  number  OF  THE  ELEMENTS  IN  THE  LIBRARY,  AND 
THE  NUMBER  OF  NODES  ASSOCIATED  WITH  EACH  NODE 


OF  THE  ELEMENTS,  ARE  LISTEDI 

1  AXISYMMETRIC  SHELL  2 

2  AXISYMMETRIC  SOLID  TRIANGLE  3 

3  PLANE  STRESS  ISOPARAMETRIC  QUAD  h 

L  VACANT  0 

5  BEAM  COLUMN  2 

6  PLANE  STRAIN  TRIANGLE  3 

7  LINEAR  ISOPARAMETRIC  BRICK  8 

8  DOUBLY  CURVED  SHELL  TRIANGLE  3 

9  3  DIMENSIONAL  TRUSS  2 

10  AXISYMMETRIC  SOLID  QUAD  U 

11  PLANE  STRAIN  QUAD  u 

12  VACANT  0 

13  OPEN  SECTION  BEAM  2 

IL  CLOSED  SECTION  BEAM  2 

15  AXISYMMETRIC  ISOPARAMETRIC  SHELL  2 

16  ISOPARAMETRIC  BEAM  2 

17  VACANT  0 

18  MEMBRANE  QUAD  «* 

19  GENERALIZED  PLANE  STRAIN  QUAD  L 

20  DOUBLY  CURVED  SHELL  QUAD  '■* 

21  QUADRATIC  ISOPARAMETRIC  BRICK  20 


IF  THE  LIST  LENGTH  IS  GREATER  THAN  16,  CONTINUE 
the  LISTING  ON  ADDITIONAL  CARD  3»S  IMMEDIATELY 
FOLLOWING,  UNTIL  THE  LIST  IS  SATISFIED,  THE 
MAXIMUM  LIST  length  PERMITTED  IS  128, 

W,  THE  PROGRAM  READS  ANO  THEN  STORES  THE  ELEMENTS 
IN  the  PROPER  NUMERICAL  SEQUENCE.  IT  IS 

THEREFORE  POSSIBLE,  AND  IN  SOME  CASES, 
MANDATORY,  THAT  ELEMENTS  BE  READ  OUT  OF 

NUMERICAL  SEQUENCE,  BE  CAREFUL,  HOWEVER,  TO 
ENTER  DATA  IN  A  CONSISTENT  MANNER  TO  ALLOW  EASY 
INTERPRETATION  LATER. 
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13.L,L  COORDINATES 


COORDINATES  DEFINE  THE  GEOMETRY  OF  THE  ELEMENTS  BY 
HYING  THE  LOCATION  IN  SPACE  OF  THE  NODES.  IN  SOME  CASES, 
OOORDINATZS  ARE  USED  TO  DEFINE  THE  SHAPE  OF  A  SURFACE 
THROUGH  THE  USE  OF  DIRECTIONAL  DERIVATIVES  AT  A  NODE.  IN 
GENERAL,  YOU  WILL  WISH  TO  INPUT  A  SEPARATE  COORDINATES  BLOCK 
FQo  EACH  DISTINCT  LIBRARY  ELEMENT  TYPE  IN  THE  SUBSTRUCTURE 
BECAUSE  EACH  TYPE  MILL  USUALLY  HAVE  A  DIFFERENT  NUMBER  OF 
COORDINATES  PER  NODE. 


DATA 

NOTES  TYPE  VARIABLE 


(1» 

CARO  1,1 

(21 

A  SURSORC 

-COORDINATES" 

CARO  1.2 

I  LMNTYPE 

ELEMENT  TYPE  TO  WHICH  THIS 
NODE  BELONGS 

(31 

CARO  1.3 

I  NODE 

NUMBER  OF  THIS  NODE 

(U) 

R  X<l,NOOE» 

FIRST  COORDINATE  OF  'NODE* 

R  X(2,N00E» 

• 

SECOND  COORDINATE  OF 

•NODE* 

(51 

• 

• 

R  X(N,M00E» 

LAST  COORDINATE  OF  'NODE* 
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INPUT 
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COORDINATES 


NOTESI 

1.  REPEAT  THIS  CARD  SET  UNTIL  ALL  OF  THE 

COOROINATES  FOR  A  SUBSTRUCTURE  HAVE  BEEN 
ENTERED, 

2.  THIS  DIRECTIVE  HAY  BE  ABBREVIATED  TO  THE  FIRST 
u  CHARACTERS,  I.E.,  “COOP" 

3.  CAROCSI  1.3  IS  REPEATED  UNTIL  ALL  THE 

COORDINATES  FOR  ELEMENTS  OF  TYPE  'LMNTYPE*  HAVE 
BEEN  ENTERED. 

4.  the  number  of  coordinates  required  to  be  read 

FOP  each  NODE  DEPENDS  ON  THE  ELEMENT  TYPE  AS 


LISTEDI 

1  AXISYMMETRIC  SHELL  2 

2  axisymmetric  solid  triangle  2 

3  PLANE  STRESS  ISOPARAMETRIC  QUAD  2 

L  VACANT  C 

5  BEAM  COLUMN  2 

6  PLANE  STRAIN  TRIANGLE  2 

7  LINEAR  ISOPARAMETRIC  BRICK  3 

8  DOUBLY  CURVED  SHELL  TRIANGLE  11 

9  3  DIMENSIONAL  TRUSS  3 

ir  AXISYMMFTRIC  SOLID  QUAD  2 

11  PLANE  STRAIN  QUAD  2 

12  VACANT  C 

13  OPEN  SECTION  BEAM  13 

It*  CLOSED  SECTION  BEAM  3 

1?  AXISYMMETRIC  ISOPARAMETRIC  SHELL  5 

16  ISOPARAMETRIC  BEAM  5 

17  VACANT  C 

18  MEMBRANE  QUAD  3 

19  GENERALIZED  PLANE  STRAIN  QUAD  2 

20  DOUBLY  CURVED  SHELL  QUAD  11 

21  QUADRATIC  ISOPARAMETRIC  BRICK  3 


THE  DEFAULT  VALUE  OF  ANY  COORDINATE  NOT  READ  IS 
0.  NOTE  THAT  PROGRAMS  'BFANX*  AND  'SHELLX*  ARE 
AVAILABLE  AS  COORDINATE  GENERATORS  FOR  ELEMENT 
TYPES  6,  13,  AND  20. 

5.  IF  THE  LIST  LENGTH  IS  GREATER  THAN  7,  CONTINUE 
THE  LISTING  ON  ADDITIONAL  CARO  1.3*S 
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COORDINATES 


IMMEOIATELY  FOLLOWING,  UNTIL  THE  LIST  IS 
SATISFIED.  THE  MAXIMUM  LIST  LENGTH  PERMITTED 
IS  128. 
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13.4.::  OISTRI8UTEC  LOADS 


OISTRiajTEO  LOADS  ARE  LOADS  WHICH  EFFECT  ENTIRE 
ELEMENTS.  AS  OPPOSED  TO  LOADS  WHICH  ACT  ONLT  AT  NODES. 
HHESE  LOADS  ARE  TYPICALLY  PRESSURE  LOADS,  BODY  FORCE  LOADS, 
GRAVITY  LOADS,  ETC,  FOR  THE  SIGN  CONVENTIONS  WHICH  RELATE 
TO  LOAD  DIRECTION*  SEE  THE  ELEMENT  DESCRIPTION, 

THE  DISTRIBUTED  LOADS  BLOCK  MAY  BE  SELECTED  ONLY  ONCE 
PER  SUBSTRUCTURE. 


DATA 

NOTES  TYPE  VAPIABLE 


CARO  1 

(U  A  SUBSORC  -DISTRIBUTED  LOADS” 


(21  CARO  2.1 
R  DISTL 


(31  I  TYPE 


CARD  2.2 

(t*)  I  LFIRST  FIRST  ELEMENT  TO  BE 

LOADED,  OR,  NUMBER  OF 
ELEMENTS  TO  BE  READ  FROM 
CARO  2,  3 


VALUE  OF  THE  DISTRIBUTED 
LOAD 

TYPE  OF  DISTRIBUTED  LOAD 


(i.) 


I  LLAST 


LAST  ELEMENT  TO  BE  LOADED, 
OR,  BLANK. 


*HABS»  INPUT 

SUBSTRUCTURE  MODELING  DISTRIBUTED  LOADS 


(5)  CARO  2.3  -ELEMENT  LIST- 

I  L(l»  FIRST  ELEMENT  TO  BE  LOADED 

I  L(2I  second  ELEMENT  TO  BE 

LOADED 


(61  I  L(LFIRSTI  LAST  ELEMENT  TO  BE  LOADED 


NOTESI 

1.  this  directive  may  be  ABBREVIATED  TO  THE  FIRST 
4  CHARACTERS,  I.E.,  •‘DIST” 

2.  THIS  CARD  SET  IS  REPEATED  UNTIL  ALL  THE 
DISTRIBUTED  LOADS  FOR  A  SUBSTRUCTURE  HAVE  BEEN 

entered. 

3.  THE  TYPES  OF  DISTRIBUTED  LOADS  PERMISSIBLE  WITH 
EACH  ELEMENT  TYPE  ARE  DETAILED  IN  THE  ELEMENT 
DESCRIPTIONS. 

4.  YOU  MAY  SPECIFY  AN  INCLUSIVE  RANGE  OF  ELEMENTS 
TO  WHICH  THE  DISTRIBUTED  LOADS  HILL  BE  APPLIED 
BY  ENTERING  'LFIRST*  AND  'LLAST*  SUCH  THAT  C  < 
'LFIRST*  <  *LLAST*,  FOR  EXAMPLE,  TO  APPLY  THE 
LOAD  'OISTL*  TO  ELEMENTS  2,  3,  4,  5,  AND  6, 
•LFIRST*  =  2  AND  'LLAST*  =  6. 

ALTERNATIVELY,  YOU  MAY  SPECIFY  THAT  THE 


DISTRIBUTED 

LOAD  IS 

TO 

APPLY 

TO 

A  LIST  OF 

ELEMENTS. 

IN  THIS 

CASE, 

'LFIRST* 

=  THE 

LENGTH 

OF  THE  LIST 

,  AND  'LLAST* 

=  0, 

OR 

BLANK. 

YOU 

MUST  THEN 
ELEMENTS. 

INCLUDE 

CARO 

2.3 

TO 

LIST 

THESE 

OMIT  THIS 

CARD  IF 

ALL 

THE 

ELEMENTS 

LFIRST 

THROUGH  LLAST  INCLUSIVE  ARE  TO  BE  LOADED. 
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6.  IF  THE  LIST  LENGTH  IS  GREATER  THAN  16#  CONTINUE 
THE  LISTING  ON  ADDITIONAL  CARO  2.3»S 
IMMEOIATELT  FOLLOWING,  UNTIL  THE  LIST  IS 
SATISFIED,  THE  MAXIMUM  LIST  LENGTH  PERMITTED 
IS  128, 
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13.4.6  EDGE  NODES 


EDGE  NODES  ARE  THOSE  NODES  WHICH  LIE  ON  THE  EDGES  OF 
SU0STRUCTJRES.  THESE  NODES  SERVE  TO  CONNECT  THE 
SUBSTRUCTURES.  IT  IS  NOT  PERMITTED  TO  PUT  'TIED*  NODES  INTO 
▼HIS  LIST  OF  EDGE  NODES?  THEY  MUST  BE  'RETAINED*  NODES.  OR 
NODES  WHICH  ARE  NOT  INVOLVED  WITH  TIES.  NOTE  THAT  THE  EDGE 
NODES  MAY  BE  INPUT  IN  ANY  ORDER  AS  THE  PROGRAM  AUTOMATICALLY 
SORTS  THEN,  WE  RECOMMEND  THAT  YOU  PROCEED  NEATLY  AND 
eONSISTENTLY.  HOWEVER. 

THE  EOGE  NODE  BLOCK  MAY  BE  INPUT  ONLY  ONCE  PER 
SUBSTRUCTURE. 


DATA 

NOTES  TYPE  VARIABLE 

CARO  1 

(1)  A  SUBSORC  -EDGE  NODES" 

(21  CARO  2 

I  N1 
I  N2 


I  NLAST  LAST  EDGE  NODE 


FIRST  EOGE  NODE 
SECOND  EOGE  NODE 
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EDGE  NODES 


NOTESI 

1.  THIS  DIRECTIVE  MAY  BE  ABBREVIATED  TO  THE  FIRST 
U  CHARACTERS.  I.E..  -EDGE" 

2.  IF  THE  NUMBER  OF  EDGE  NODES  EXCEEDS  16. 
CONTINUE  LISTING  ON  ADDITIONAL  CARO  2*S  UNTIL 
ALL  EDGE  MOOES  HAVE  BEEN  ENTERED.  THE  MAXIMUM 
LIST  LENGTH  IS  128. 
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13. U, 7  geometry 


THE  GEOMETRY  BLOCK  IS  REQUIRED  INPUT  FOR  SEVERAL 
ELEMENTS.  THOSE  ELEMENTS  ARE  SO  NOTED  IN  THE  ELEMENT 
BESCRIPTIONS. 

THE  GEOMETRY  BLOCK  ALLOWS  INPUT  FOR  SEVERAL 
mSCELLANEOUS  PARAMETERS.  THESE  INCLUOEt  ELEMENT  THICKNESS 
FOR  SHELLS,  THE  BEAM  CROSS  SECTION  NUMBER  TO  BE  EMPLOYED, 
BTC. 

THE  GEOMETRY  BLOCK  MAY  BE  INPUT  ONLY  ONCE  PER 
SUBSTRUCTURE. 


DATA 

NOTES  TYPE  VARIABLE 

CARO  1 

(1»  A  SUBSORC  -GEOMETRY” 


(2) 

CARO 

2.1 

(3) 

R 

EGEOMl 

GEOMETRY 

PARAMETER 

1 

R 

EGEOM2 

GEOMETRY 

PARAMETER 

2 

R 

EGE0M3 

GEOMETRY 

PARAMETER 

3 
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GEOMETRY 


CARO  2.2 


I 

LFIRST 

FIRST  ELEMENT 

OESCRIBEOt  OR. 
ELEMENTS  TO  BE 
CARD  2.  3 

TO  BE 

NUMBER  OF 
READ  FROM 

(U) 

I 

LLAST 

LAST  ELEMENT 

DESCRIBED 

TO 

BE 

J5) 

CARO 

t  2.3  -ELEMENT 

LIST- 

I 

Ldl 

FIRST  ELEMENT 

DESCRIBED 

TO 

BE 

I 

L(2I 

• 

SECOND  ELEMENT 

DESCRIBED 

TO 

BE 

(6) 

I 

• 

• 

LfLFIRSTi 

LAST  ELEMENT 

TO 

BE 

DESCRIBED 


NOTESI 


1.  this  DIRECTIVE  MAY  BE  ABBREVIATED  TO  THE  FIRST 
U  CHARACTERSf  I.E.t  ”GEOM" 

2.  REPEAT  THIS  CARO  SET  UNTIL  ALL  THE  "GEOMETRY- 
INPUT  FOR  A  SUBSTRUCTURE  HAS  BEEN  ENTERED. 

3.  EACH  'EGEOMl*,  'EGEOMES  AND  'EGEOMS  *  DEFAULT 
TO  D.  IF  AN  ELEMENT  REQUIRES  ONLY  'EGEOME*. 
YOU  MUST  ENTER  BOTH  •EGEOMl*  AND  •EGE3M2*. 

!».  YOU  HAY  SPECIFY  AN  INCLUSIVE  RANGE  OF  ELEMENTS 
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GEOMETRY 


TO  WHICH  THE  GEOMETRY  WILL  BE  APPLIED  BE 
ENTERING  ‘LFIRST*  AND  *LLAST»  SUCH  THAT  0  < 
*LEIRST*  <  *LLAST*.  FOR  EXAMPLE,  TO  SET  THE 
GEOMETRY  parameters  FOP  ELEMENTS  2*  3,  L ,  5, 
AND  F,  ‘LFIRST*  =  2  AND  »LLAST*  =  6. 
ALTERNATIVELY,  YOU  MAY  SPECIFY  THAT  THE 
GEOMETRY  IS  TO  APPLY  TO  A  LIST  OF  ELEMENTS.  IN 
THIS  CASE,  'LFIPST*  =  THE  LENGTH  OF  THE  LIST, 
AND  *LLAST*  =  G,  OR  BLANK,  YOU  MUST  THEN 
INCLUDE  CARO  2.3  TO  LIST  THESE  ELEMENTS, 

5.  OMIT  THIS  CARO  IF  ALL  THE  ELEMENTS  'LFIRST* 
THROUGH  *LLAST*  ARE  TO  BE  DESCRIBED. 

S,  IF  THE  LIST  LENGTH  IS  GREATER  THAN  16,  CONTINUE 
THE  LISTIh4G  ON  ADDITIONAL  CARO  2,3»S 
IMMEDIATFLV  FOLLOWING,  UNTIL  THE  LIST  IS 

satisfied.  thf  maximum  list  length  PFRMITTED 
IS  12A. 
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13. U, 8  PROPERTY 


THE  PROPERTY  BLOCK  SPECIFIES  THE  LINEAR  PLASTIC  MATERIAL 
PROPERTIES  OF  ELEMENTS.  PROPERTIES  MUST  BE  SPECIFIED  FOR 
ALL  ELEMENTS. 

THE  PROPERTY  BLOCK  HAY  BF  ENTERED  ONCE  PER  SUBSTRUCTURE. 


DATA 

NOTES  TYPE  VARIABLE 


CARO 

1 

(1) 

A 

SUBSDRC 

“PROPERTY** 

CARO 

2.1 

(21 

R 

F 

YOUNG'S  MODULUS 

(3) 

R 

NU 

POISSON'S  RATIO 

R 

SIGSTAR 

YIELD  strength 

CARO  2.2 


('=1 

I 

LFIRST 

FIRST  ELEMENT 

TO  BE 

OESCRIBEO.  OR, 

NUMBER  OF 

ELEMENTS  TO  BE 
CARO  2.  3 

READ  FROM 

(E) 

I 

LLAST 

LAST  ELEMENT 

TO  BE 

DESCRIBED,  OR, 

BLANK. 

246 


♦MABS*  INPUT 
SUBSTRUCTURE  MODELING 


PROPERTY 


(61  CARO  2.3  -ELEMENT  LIST- 


I 

L  (It 

FIRST  ELEMENT 

DESCRIBED 

TO 

BE 

I 

L<2I 

SECOND  ELEMENT 

TO 

BE 

• 

DESCRIBED 

(7)  I 

• 

• 

L(LFIRSTI 

LAST  ELEMENT 

TO 

BE 

DESCRIBED 


NOTESI 

1.  THIS  DIRECTIVE  MAY  BE  ABBREVIATED  TO  THE  EIPST 
«*  CHARACTERS.  I.E..  "PROP” 

2.  YOUNG'S  MODULUS  MUST  BE  A  POSITIVE  NUMBER. 

3.  POISSON'S  RATION  MUST  SATISFY  0  <  NU  <  0.5 

4.  SIGSTAR  DEFAULT  VALUE  IS  I.EIO 

5.  YOU  MAY  SPECIFY  AN  INCLUSIVE  RANGE  OF  ELEMENTS 
TO  WHICH  THE  PROPERTIES  MILL  BE  APPLIED  BY 
ENTERING  'LFIRST'  AND  'LLAST'  SUCH  THAT  C  < 
'LFIRST'  <  'LLAST*.  FOR  EXAMPLE,  TO  SET  THE 
PROPERTIES  OF  ELEMENTS  2,  3,  4,  5,  AND  6, 
'LFIRST'  =  2  AND  'LLAST'  =  6. 

ALTERNATIVELY,  YOU  MAY  SPECIFY  THAT  TH£ 
PROPERTIES  ARE  TO  APPLY  TO  A  LIST  OF  ELEMENTS. 
IN  THIS  CASE,  'LFIRST'  *  THE  LENGTH  OF  THE 
LIST,  AND  'LLAST*  =  0.  YOU  MUST  THEN  INCLUDE 
CARO  2,3  TO  LIST  THESE  ELEMENTS. 

6.  OMIT  THIS  CARO  IF  ALL  THE  ELEMENTS  LFIRST 
THROUGH  LLAST  INCLUSIVE  ARE  TO  BE  DESCRIBED. 
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7.  IF  THE  LIST  LENGTH  IS  GREATER  THAN  16f  CONTINUE 
THE  LISTING  ON  ADDITIONAL  CARD  2.3»S 
IMMEDIATELY  FOLLOWING,  UNTIL  THE  LIST  IS 
SATISFIED.  the  MAXIMUM  LIST  LENGTH  PERMITTED 
IS  12«, 
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li.4.9  TIES 


THE  TIES  BLOCK  PERMITS  ENTRT  OF  CONSTRAINTS  BETWEEN 
MOOES.  THIS  DIFFERS  FROM  BOUNDARY  CONDITIONS  IN  THAT  THE 
flrOUNOARY  CONDITIONS  SPECIFY  CONSTRAINTS  BETWEEN  NODES  AND 
TH£  EXTERIOR  OF  THE  STRUCTURE.  THE  TIES  BLOCK  ALSO  ALLOWS 
YOU  TO  JOIN  ELEMENTS  OF  DIFFERENT  TYPES. 

THE  data  input  in  THE  TIES  BLOCK  REQUIRES  'TYING  TYPES' 
BATA  3E  INPUT  IN  THE  LIBRARY  BLOCK. 

A  SEPARATE  TIES  BLOCK  IS  REQUIRED  FOR  EACH  TYING  TYPE 
USED  IN  THE  SUBSTRUCTURE. 


DATA 

NOTES  TYPE  variable 


(1»  CARO  1 

A  SUBSDRC  -TIES'* 


CARO  2 

(2)  I  NTYTYP  TYING  TYPE  NUMBER 

CARO  3 

(3)  I  TIEONOOE 

I  RETNOOE(l) 

I  PETN00E(2I 


t*-)  I  PETNODE  (NRETI  LAST  RETAINED  NODE 


NUMBER  OF  THIS  TIED  NOOF 
FIRST  RETAINED  NODE 
SECOND  RETAINED  NODE 


♦MftBS*  IMPJr 
SJBSTRUCTJRE  MODELING 


TIES 


NOTESI 

1.  THIS  CARD  SET  IS  REPEATED  UNTIL  ALL  THE  TIES  OF 
A  DISTINCT  TYING  TYPE  HAVE  BEEN  ENTERED.  THE 
TYING  TYPES  AVAILABLE  ARE  AS  FOLLOWS 

A  TfiNG  TYPE  'N*  WHICH  IS  LESS  THAN  THE  MAXIMUM 
NUMBER  OF  DEGREES  OF  FREEDOM  'NOOF*  IN  THE 
ANALYSIS  CONSTRAINS  DEGREE  OF  FREEDOM  'N'  AT 
THE  TIED  NODE  TO  BE  EQUAL  TO  THE  DISPLACEMENT 
OF  0,0. F.  OF  THE  RETAINED  NODE. 

A  'rlNG  TYPE  'N*  WHICH  IS  GREATER  THAN  'NDOF* 
AND  NOT  EQUAL  TO  ANY  OF  THE  SPECIAL  TYPES 
AVAILABLE  BELOW  CONSTRAINS  ALL  D.O.F.S  AT  THE 
TIED  NODE  TO  ALL  THE  0.0. F.S  AT  THE  RETAINED 
NODE. 

A  TYING  TYPE  <  0  INDICATES  THAT  THE  USER  HAS 
established  a  special  TYING  TYPE.  THE  PROGPAM 
WILL  AUTOMATICALLY  CALL  THE  SPECIAL  SUBROUTINE 
•UFORMS*  TO  PERFORM  THE  TYING  CALCULATIONS. 

TYPE  18  JOINS  TOGETHER  BOUNDARIES  OF 
INTERSECTING  SHELL  ELEMENTS  (8  1  20»  WHICH  LIE 
ON  DIFFERENT  SURFACES.  AN  EXAMPLE  OF  THIS 
MOULD  BE  A  SPHERE-CYLINDER  JUNCTION.  THE  TIED 
NODE  MUST  ALSO  BE  ENTERED  AS  A  OETAIMEO  NODE. 
THIS  IS  A  FULL  MOMENT  CARRYING  JOINT. 

TYPE  19  JOINS  A  NODE  OF  BEAM  ELEMENT  13  TO  A 
NODE  OF  A  DOUBLY  CURVED  SHELL  ELEMENT  (ELEMENT 
TYPES  8  I  20).  TWO  RETAINED  NODES  ARE 
REQUIRED.  BOTH  OF  WHICH  ARE  SHELL  NODES  AND 
WHICH  LIE  ALONG  ONE  OF  THE  CURVATURE  DIRECTIONS 
OF  THE  SHELL. 

TYPE  23  JOINS  AN  AXISYMMETRIC  SOLID  ELEMENT  TO 
AN  AXISYMMETRIC  SHELL  ELEMENT  (ELEMENT  TYPE  1>. 
BOTH  TIED  ANO  RETAINED  NODES  MUST  BE 
transformed  to  local  COORDINATES, 
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TYPE  28  IS  SIMILAR  TO  TYPE  18,  BUT  IS  A  PINNED 
CONNECTION,  RATHER  THAN  MOMENT  CARRYING. 

TYPE  701  TIES  A  NODE  OF  A  LINEAR  BRICK  (TYPE  71 
TO  THE  FACE  OF  ANOTHER  LINEAR  BRICK,  THE 
RETAINED  NODES  ARE  THE  U  CORNER  NODES  OF  THE 
BRICK  FACE  TO  WHICH  THE  NODE  IS  TIED. 

2.  DATA  IN  THE  TIES  BLOCK  IS  PHYSICALLY  FAR 
REMOYEO  FROM  THE  LIBRARY  BLOCK  (WHICH  CONTAINS 
THE  TYING  TYPE  DATA), IT  IS  EASIER  TO  MAKE  A 
MISTAKE  HERE  THAN  ELSEWHERE.  PLEASE  CHECK  THAT 
THE  LIBRARY  BLOCK  HAS  BEEN  USED  TO  SELECT  THE 
PROPER  TYING  TYPES! 

3.  CARO  3  IS  REPEATED  AS  OFTEN  AS  NECESSARY  TO 
ENTER  ALL  THE  TIES  OF  THIS  PARTICULAR  TYPE. 
NOTE  THAT  IN  SOME  TYING  TYPES,  SOME  TIED  NODES 
MUST  ALSO  BE  ENTERED  IN  THE  RETAINED  LIST. 

4.  NRET  IS  THE  NUMBER  OF  RETAINED  NODES  AS  ENTERED 
IN  THE  LIBRARY  BLOCK  'TYING  TYPES',  IF  THE 
LIST  LENGTH  IS  GREATER  THAN  16,  CONTINUE  THE 
LISTING  ON  ADDITIONAL  CARD  3*S  IMMEDIATELY 
FOLLOWING,  UNTI^  THE  LIST  IS  SATISFIED.  THE 
MAXIMUM  LIST  LENGTH  PERMITTED  IS  128, 
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13.5  INTERSJBSTRUCTURE  CONNECTIVITY 


EACH  SUBSTRUCTURE  MAY  BE  THOUGHT  OF  AS  A  LARGE  OR  SUPER 
ELEMENT.  EACH  OF  THESE  SUPER  ELEMENTS  MUST  BE  CONNECTED  TO 
THE  APPROPRIATE  NODES  OF  THE  OTHER  SUPER  ELEMENTS  IN  ^HE 
ANALYSIS.  THIS  FUNCTION  IS  PERFORMED  THRU  THE 

rNTERSUBSTRJCTUPE  CONNECTIVITY  ARRAY.  HEREAFTER  REFERRED  TO 
AS  THE  'ISC*  ARRAY. 

THIS  ARRAY  IS  ORGANIZED  WITH  COLUMNS  NUMBERED  FOR  THE 
SUBSTRUCTURES  ANO  THE  ROWS  NUMBERED  FOP  EACH  CONNECTION. 

THE  ISC  ARRAY  IS  REQUIRED  INPUT. 


DATA 

NOTES  TYPE  VARIABLE 


CARO  1 

A  MAIN^RC  -INTERSUBSTRUCTURE 

CONNECTIVITY- 


CARD  ? 

A  ISCD»C  -READ” 


CARO  3 

I  NROWS  NUMBER  OF  ROWS  IN  THE 

'ISC'  ARRAY 
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(II  CARO  ^,1 

(21  I  ISS 

I  IRONS 

I  IFIRST 

CARO  <*,2 

(3)  I  ISCdFIRST.ISSI 


NUMBER  OF  THE 
SUBSTRUCTURE.  THIS  IS 
IDENTICAL  TO  THE  COLUMN 
NUMBER  OF  THE  ARRAY. 

NUMBER  OF  RONS  TO  BE  READ 
FROM  CARO  k,Z 

•ISC*  ARRAY  ROM  NUMBER 
INTO  WHICH  THE  FIRST  TERM 
APPEARING  ON  CARD  4.2  IS 
TO  BE  ENTERED 


EDGE  NODE  NUMBER.  OR  ZERO 


(3)  I  ISCCIFIRSTfl5,ISS)  EDGE  NODE  NUMBER.  OR  ZERO 


{u)  CARO  5 

A  ISCOPC  "END” 


NOTESI 

1.  CAPOS  ■♦.1  AND  4,2  ARE  REPEATED  AS  A  SET  UNTIL 
THE  ENTIRE  'ISC*  ARRAY  HAS  BEEN  READ.  IF,  ON 
CARO  4,1,  'IROMS*  >  16,  THEM  CARO  4.2  WILL 

EXTEND  TO  MORE  THAN  ONE  CARO.  NOTE  THAT  LONG 
STRINGS  OF  ZEROES  MAY  BE  AVOIOEO  BY  SPECIFYING 


•MftBS*  INPUT 

INTFPSUBSTRUCTURE  CONNECTIVITY  (*ISCM 


CAPOS  U.l  AND  4.2  TO  READ  IN  ONLY  NONZERO  *ISC» 
TERNS.  IN  FACT,  TAKEN  TO  THE  LIMIT,  ONE  COULD 
REAO  IN  A  SET  OF  CARDS  FOR  EACH  NONZERO  TERM  IN 
THE  ‘ISC*  ARRAY. 

2.  'ISS*  IS  THE  NUMBER  OF  THE  SUBSTRUCTURE.  THUS, 
THE  ENTRY  OF  THE  DATA  MAY  BE  OONE  IN  ANY  OROER? 
IT  NEED  NOT  BE  ENTERED  IN  NUMERICAL  ORDER. 
NUMERICAL  ORDER  IS  RECOMMENDED,  HOWEVER, 
BECAUSE  IT  HELPS  YOU  KEEP  TRACK  OF  YOJR  INPUT. 

3.  THE  TOTAL  NUMBER  OF  »ISC»  ENTRIES  MUST  BE 

•IRONS*  FROM  CARO  4.1,  THUS,  IF  ‘IROWS*  >  16, 

CAPO  4.2  MUST  BE  REPEATED,  A  MAXIMUM  OF  16 
•ISC*  ENTRIES  PER  CARO,  UNTIL  •IROMS*  IS 

SATISFIED. 

4.  OPTIONAL  CARO.  RECOMMENDED  FOR  NEATNESS. 
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13.6  ANALYSIS  DIRECTIVES 


THE  ANALYSIS  DIRECTIVES  DESCRIBE  THE  PROBLEH  AND 
ANALYSIS  PROCEDURES  TO  SUBSTRC.  THIS  IS  AN  OPTIONAL  BLOCK. 
ANY  OR  ALL  OF  THE  OIRFCTIVES  IN  THIS  BLOCK  MAY  BE  COMBINED 
IN  ANY  ANALYSIS. 


DATA 

NOTES  TYPE  VARIABLE 


(1) 

CARO 

1 

A 

MAINORC 

"ANALYSIS  DIRECTIVES" 

(2) 

CARO 

• 

CM 

(3) 

A 

analorc 

"ALL  POINTS" 

(«.) 

CARO 

2.2 

(5) 

A 

ANALORC 

"CENTER  POINTS" 

(6) 

CARO 

2.  3 

(7» 

A 

ANALORC 

"ISOTROPIC  HARDENING" 
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CAi?0  2,U 


(8>  A  ANALORC  “KINEMATI  HARDENING" 


CARO  2.5 


(9)  A  ANALORC 


"LARGE  OISPLACENENT" 


(10)  CARO  2.6 

(11)  A  ANALORC  "SMALL  DISPLACEMENT" 


NOTESI 

1.  ANY  OF  THE  ANALYSIS  DIRECTIVES  MAY  BE 
abbreviated  TO  THE  FIRST  t  CHARACTERS. 

2.  ANY  CARO  OF  THIS  BLOCK  MAY  BE  SELECTED  FOR  AN 
ANALYIS.  SOME  DIRECTIVES  CANCEL  THE  EFFECTS  OF 
OTHERS. 

3.  THIS  DIRECTIVE  SELECTS  EVALUATION  AND  PRINTING 
OF  STRESSES  AT  ALL  OF  THE  ELEMENT  INTEGRATION 
POINTS.  THIS  OPTION  IS  ALSO  AUTOMATICALLY 
SELECTED  BY  THE  "LARGE  DISPLACEMENT"  OPTION. 
IT  IS  TO  BE  USED  FOR  NONLINEAR  ANALYIS.  AND 
WHEN  A  MORE  COMPLETE  PICTURE  OF  THE  ELEMENT 
STRESS  DISTRIBUTION  IS  DESIRED. 

A.  THIS  IS  THE  PROGRAM  DEFAULT.  THIS  DIRECTIVE 
CANCELS  "ALL  POINTS".  THIS  DIRECTIVE  SELECTS 
EVALUATION  AND  PRINTING  OF  STRESSES  AT  A  SINGLE 
INTEGRATION  POINT  IN  EACH  ELEMENT.  THE  POINT 
USED  IS  THE  FIRST  INTEGRATION  POINT  OF  THE 
ELEMENT,  WHICH  USUALLY  LIES  AT  THE  CENTROID  OF 
THE  ELEMENT,  BUT  WHICH  VARIES  DEPENDING  ON  THE 
ELEMENT.  PLEASE  CHECK  THE  ELEMENT  OESCRIPTIONS 
FOP  the  LOCATIONS  OF  THE  ELEMENT  INTEGRATION 
POINTS. 
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5.  THIS  IS  THE  PROGRAM  DEFAULT.  THIS  DIRECTIVE 
CANCELS  "KINEMATIC  HARDENING".  THIS  DIRECTIVE 
SELECTS  ISOTROPIC  HARDENING  AS  THE  RULE  FOR 
NON-LINEAR  MATERIAL  BEHAVIOR. 

6.  THIS  DIRECTIVE  CANCELS  "ISOTROPIC  HARDENING". 
THIS  DIRECTIVE  THIS  DIRECTIVE  SELECTS  KINEMATIC 
HARDENING  AS  THE  RULE  FOR  NON-LINEAR  MATERIAL 
BEHAVIOR. 

7.  THIS  DIRECTIVE  CANCELS  "SMALL  DISPLACEMENT". 
THIS  DIRECTIVE  SELECTS  THE  USE  OF  HIGHER  ORDER 
TERMS  IN  THE  FINITE  ELEMENT  APPROXIMATION  TO 
THE  DISPLACEMENT  FUNCTION.  IT  SHOULD  BE  USED 
FOO  NON-LINEAR  ANALYSIS, 

8.  THIS  IS  THE  PROGRAM  DEFAULT.  THIS  DIRECTIVE 
CANCELS  "LARGE  DISPLACEMENT".  THIS  DIRECTIVE 
SELECTS  ONLY  THE  FIRST  ORDER  APPROXIMATION  TO 
THE  FINITE  ELEMENT  DISPLACEMENT  FUNCTION. 
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13.7  3EAH  CROSS  SECTION  DEFINITIONS 


THIS  OPTIONAL  BLOCK  PERHITS  THE  INPUT  OF  ELEMENT  13 
fOD£N  SECTION  BEAM  ELEMENT)  CROSS  SECTION  PROPERTIES. 


DATA 

NOTES  TTPE  VARIABLE 


CARO  1 


(1) 

A 

MAINORC 

“BEAM  CROSS 

SECTIONS' 

»• 

(2) 

CARO 

2.  1 

(3) 

I 

8EAMNBR 

NUMBER  OF 
SECTION 

the  BEAN 

CROSS 

(4) 

A 

CARO 

LABELING 

SECTION 

OF  THIS 

CROSS 

CARO  2.? 


(5) 

I 

NBRANCH 

NUMBER  OF  BRANCHES  TO 

DEFINE  THE  CROSS  SECTION, 

I 

NOIV (1) 

THE  lEVEN)  NUMBER  OF 
DIVISIONS  IN  THE  FIRST 
BRANCH, 

I 

N0TV<2) 

THE  (EVEN)  NUMBER  OF 

DIVISIONS  IN  THE  SECOND 

BRANCH, 


258 


•MABS*  INPUT 

BEAM  CROSS  SECTION  DEFINITIONS 


I  NOIl/fNaRANCHi 


CARD  ?,  3 
(6)  R  XI 

(6)  R  Y1 

9  0X1 

R  on 

R  X2 

R  Y2 

R  0X2 

R  DY2 


THE  CEYEN)  NUMBER  OF 
DIVISIONS  IN  THP  last 
BRANCH. 


THE  CROSS  SECTION  X 
COORDINATE  AT  THE 
BEGINNING  OF  THE  BRANCH. 

THE  CROSS  SECTION  Y 
COORDINATE  AT  THE 
BEGINNING  OF  THE  BRANCH. 

DERIVATIVE  OF  X  WITH 
RESPECT  TO  S  CARC  LENGTH) 
AT  THE  BEGINNING  OF  THE 
BRANCH. 

DERIVATIVE  OF  Y  WITH 
RESPECT  TO  S  AT  THE 
BEGINNING  OF  THE  BRANCH. 

THE  CROSS  SECTION  X 
COORDINATE  AT  THE  END  OF 
THE  BRANCH, 

THE  CROSS  SECTION  Y 


COORDINATE  AT 
THE  BRANCH, 

THE 

END  OF 

DERIVATIVE  OF 

X 

with 

RESPECT  TO  S  AT 
BRANCH. 

END 

OF  THE 

DERIVATIVE  OF 

Y 

WITH 

RESPECT  TO  S  AT 
BRANCH, 

END 

OF  THE 
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CARO  2.fc 


R  RRLONG  LENGTH  OF  THE  BRANCH. 

R  T1  THICKNESS  OF  THE  BRANCH  AT 

THE  BEGINNING  OF  THE 
BRANCH. 


(7)  R  T2 


THICKNESS  AT  THE  END  OF 
THE  BRANCH. 


(81  CARO  3 


A  MAINORC 


"END” 


NOTESI 

1.  ALL  OF  THE  DIRECTIVES  MAT  BE  ABBREVIATED  TO  THE 
FIRST  U  CHARACTERS. 

2.  CARO  SET  2  IS  REPEATED  UNTIL  ALL  THE  BEAM  CROSS 
SECTION  DESCRIPTIONS  HAVE  BEEN  ENTERED. 

3.  BEAN  CROSS  SECTIONS  ARE  ASSOCIATED  WITH  A 
UNiaUE  USER-DEFINED  CROSS  SECTION  IDENTIFIER 
•BFAMNBR*.  ♦BEAMNBR*  IS  REFERRED  TO  THROUGH 
PARAMETER  'EGEOME*  OF  THE  "GEOMETRY"  BLOCK  IN 
THE  APPROPRIATE  SUBSTRUCTURES.  THESE  MUST  BE 
NUMBERED  CONSECUTIVELY  <NO  OMISSIONS!!  AND 
INPUT  IN  NUMERICAL  ORDER. 

4.  THE  LABEL  HERE  IS  PRIMARILY  FOR  YOUR  OWN 
REFERENCE.  AS  SUBSTRC  MERELY  READS  THIS  AND 
PRINTS  IT.  IT  SHOULD  BE  INFORMATION  WHICH  HILL 
HELP  YOU  REMEMBER  WHAT  YOU  ARE  DOING  IN  THIS 
ANALYSIS. 

5.  »MBRANCH»  CONTROLS  THE  NUMBER  OF  CARDS  2.3  AND 

2.4  TO  BE  READ  IN  THIS  CROSS  SECTION 

DESCRIPTION.  THE  MAXIMUM  VALUE  »NBRANCH»  MAY 
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ASSUME  IS  15.  NOTE  THAT  THE  TOTAL  NUMBER  OF 
DIVISIONS  fTHE  SUM  OF  NOIVfH  THRU 
NDIV(*N8RANCH*I  MUST  BE  EVEN,  AND  LESS  THAN  OR 
EQUAL  TO  30. 

6.  XI  AND  Y1  NEED  BE  SPECIFIED  ONLY  ONCE  (ON  THE 
FIRST  CARD  2.3»,  AS  EACH  SUCCESIVE  BRANCH  MUST 
START  FROM  THE  END  OF  THE  PREVIOUS  BRANCH, 
SUCCESSIVE  CARO  2.3*S  CONTAIN  ONLY  THE  6 
ENTRIESI  0X1,  OYl,  X2,  Y2,  DX2,  0Y2. 

7.  T2  DEFAULTS  TO  T1  IF  IT  IS  LEFT  BLANK. 

8.  OPTIONAL  CARD,  PECDMMENOED  FOR  NEATNESS. 
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13,8  L0A0IM6  HISTORY 


THESE  OPTIONAL  DATA  CONTROL  THE  APPLICATION  OF  LOAD  TO 
THE  MATHEMATICAL  MODEL  AFTER  THE  INITIAL  LOADING. 


DATA 

NOTES  TYPE  VARIABLE 


(II  CARO  1 


A  HAIMORC 


-LOADING  HISTORY- 


(2)  CARO  2.1 


A  LOAOORC 


-PROPORTIONAL  INCREMENT- 


CARO  2.2 


(31  R  FACTO 


multiplier  of  the  PREVIOUS 
LOAD  INCREMENT 


NOTESI 

1.  ALL  OF  THE  DIRECTIVES  MAY  BE  ABBREVIATED  TO  THE 
FIRST  1*  CHARACTERS, 

2.  THIS  CARO  SET  IS  REPEATED  AS  OFTEN  AS  NECESSARY 
TO  completely  define  the  LOADING  HISTORY  OF  THE 
PROBLEM. 

3.  SAY  THE  DESIRED  LOADING  SCHEDULE  IS  IBOO,  20CC, 

21C0»  2125.  THE  INPUT  DATA  TO  PRODUCE  THIS 
LOADING  HISTORY  REQUIRES  THAT  THE  INITIAL  LOAD 
BE  APPLIED  IN  THE  APPROPRIATE  SUBSTRUCTURES 
THRU  THE  USE  OF  EITHER  DISTRIBUTED  OR 

CONCENTRATED  LOADS,  AND  THE  FOLLOWING  INPUT  BE 
PROVIDED  IN  THE  LOADING  HISTORY  BLOCKI 
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PROP 
1.  0 
PROP 
0.  1 
PROP 
0.25 

letting  'LOAD  I*  INDICATE  THE  LOAD  VALUE  AT 
STEP  I  AND  'OELLOAD  I*  AS  THE  LOAO  INCREMENT 
FROK  'LOAD  I'  TO  'LOAD  I+l'.  HE  SHOW  THAT  THE 
PROGRAM  USES  VALUES  OF  'FACTO'  TO  INCREASE  THE 
LOAO  LEVELS  AS  FOLLOWSI 

LOAOl  =  OELLOAOl  =  lOOC 

L0A02  =  LOAOl  ♦  (  FACTO’DELLOAOl  I 

=  1000  ♦  (  1. 0*1000  » 

=  2000 

0ELLOAO2  facto  *  DELLOADl  =  .1  ♦  1000  =  100 

LOAD3  =  LOA02  ♦  DELLOAD2  =  200  0  100  =  2100 

0ELL0AD3  =  FACTO  *  0ELL0A02  =  . 25  *  100  *  25 

LOADi*  =  LOA03  ♦  DELLOAD3  =  2100  ♦  25  =  2125 
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13.9  SOLUTION  DIRECTIVES 


THIS  BLOCK  OF  INFORMATION  ALLOWS  TOU  TO  DIRECT  THE 
SOLUTION  OF  THE  PROBLEM.  THIS  IS  AN  OPTIONAL  BLOCK?  FOP  A 
“SMALL"  AMALTSIS  (ONE  IN  WHICH  THE  ENTIRE  PROBLEM  CAN  BE  RUN 
AT  ONE  TIME).  THIS  BLOCK  MAY  NOT  NECESSARY, 

THE  FOLLOWING  IS  A  LIST  OF  THE  AVAILABLE  DIRECTIVES  IN 
?Hr  SOLUTION  DIRECTIVES  BLOCK. 

GO  (DEFAULT) 

NOGO 

GOERRORS 
DECOMPOSITION 
EDGE  NODES 
RELAXATION 
RESTART 


DATA 

NOTES  TYPE  VApIABLE 


(1)  CARO  1 

A  MAINORC  “SOLUTION  DIRECTIVES” 


CARO  2 

(21  A  SOLUDRC  “GO” 
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CARO 

3 

(31 

A 

SOLUORC 

"NOGO“ 

CARO 

L 

(4) 

A 

SOLUORC 

“GOERRORS- 

(51 

CARO 

5.1 

(61 

A 

SOLUORC 

-DECOMPOSE- 

(71 

CARO 

5,2 

A 

SOLUORC 

-EDGE  NODES'* 

(81 

CARO 

5,3 

A 

SOLUORC 

-RELAXATION- 

(9» 

CARO 

6 

A 

SOLUORC 

-RESTART- 

NOTESI 

1.  ALL  OF  THE  SOLUTION  DIRECTIVES  MAY  BE 
ABBREVIATED  TO  THE  FIRST  L  CHARACTERS. 

2.  EXECUTE  the  ANALYSIS, 

3.  STOP  AFTER  CHECKING  THE  DATA  -  THIS  OPTION  IS 
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PRINfloiLY  USED  IN  UPDATING  AND  MODIFYING  THE 
PROGRAM,  AND  IN  CHECKING  THE  DATA. 

4.  PERMITS  SOLUTION  TO  CONTINUE  EVEN  THOUGH  THERE 
ARE  INPUT  ERRORS.  EXERCISE  CAUTION  WHEN  USING 
THIS  OPTION. 

5.  selection  of  any  CARD  IN  CARD  SET  5  EXCLUDES 
THE  USE  OF  ANY  OTHER  CARD  IN  SET  5.  CAPO  SET  5 
AND  CARD  6  APE  ALSO  MUTUALLY  EXCLUSIVE. 

6.  THIS  DIRECTIVE  SIGNALS  THAT  A  SUBSTRUCTURE 
STIRPNESS  MATRIX  IS  TO  BF  DECOMPOSED  WITH  ALL 
THE  EDGE  NODRS  CONSTRAINED  CCOMPLETELY  FIXFOl  . 

T,  ANALYZE  THE  STIFFNESS  OF  THE  EDGE  NODES  CNLY. 

RELAX  THE  CONSTRAINTS  OF  COMPLET‘D  FIXITY  ON  THE 
substructure  borders,  back  SUBSTITUTE,  AND 
PRINT  atL  THE  RFaUIREO  OUTPUT. 

9,  RESTART  A  NONLINEAR  ANALYSIS  FROM  A  PREVIOUS 
CONDITION.  USE  OF  THIS  OPTION  IS  MUTUALLY 
EXCLUSIVE  WITH  ANY  OPTION  IN  CARD  SET  5. 
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CHAPTER  14 
A  NONLINEAR  EXAMPLE 

14.1  INTRODUCTION 

NOTE;  1  in.  =  2.54  cm 

1  psi  =  6.895  X  10^  Pa 
1  pound  =  0.453  kg 

Preparing  data  for  a  nonlinear  analysis  is  similar  to  doing  it  for  a  "one  shot" 
linear  analysis.  All  of  the  tools  for  data  generation  are  applicable.  If  plasticity 
is  anticipated,  additional  work  involves  input  of  a  uniaxial  material  curve.  The 
most  difficult  task  is  specifying  load  increments  and  picking  a  tolerance  ratio  for 
resulting  incremental  displacements.  Until  the  user  has  sufficient  experience  with 
a  class  of  problems,  it  will  be  necessary  to  input  different  tolerances  and  different 
load  step  sizes  to  determine  the  solution's  sensitivity  to  such  variations. 

A  general  word  of  caution  is  appropriate  here.  A  grid  work  that  produces  per¬ 
fectly  good  linear  results  may  not  be  fine  enough  to  model  the  nonlinear  behavior 
of  a  structure.  This  is  because  the  linear  solution  might  have  displacements  that 
vary  gradually  with  respect  to  position  on  the  surface.  A  relatively  coarse  grid 
pattern  could  adequately  model  such  behavior.  The  nonlinear  solution,  however, 
might  have  displacements  that  vary  rapidly  with  respect  to  position  on  the  surface. 

A  finer  grid  must  model  this.  An  example  of  such  a  situation  is  a  pressure  loaded, 
axisymmetric  cylinder.  In  a  linear  analysis  the  radial  displacement  would  not 
vary  going  around  the  circumference;  whereas  for  a  nonlinear  analysis  a  multiwave 
displacement  pattern  could  develop,  requiring  more  elements  in  the  circumferential 
direction . 

14.2  MATHEMATICAL  MODEL 
14.2.1  Physical  Data 

We  choose  to  model  a  circular  ring  of  radius  20.0  in.,  width  2.6  in.  and  thick¬ 
ness  0.4  in.  Young's  Modulus  and  Poisson's  ratio  were  taken  as  3E07  psi  and  0.3 
respectively.  This  particular  model  was  treated  earlier  in  {JONES77}  using  the 
triangular  shell  element  8.  Here  the  2-diraensional  beam  element  16  is  used. 
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The  ring  is  known  to  deform  elastically  in  two  waves  around  the  circumference. 
The  buckling  pressure  P  is  given  by: 


P  =  3E1/R^ 

where  E,  I,  and  R  are  Young's  Modulus,  cross  section  moment  of  inertia,  and  the 
centroidal  radius,  respectively.  For  this  model  P  =  60  psi.  For  the  material  non¬ 
linearity  a  hypothetical  work  hardening  curve  was  used  that  takes  effect  at  a  pro¬ 
portional  limit  stress  of  2400  psi.  The  material  curve  is  shown  in  Figure  14,1. 

14.2.2  Modeling  Considerations 

A  sketch  of  the  model  is  shown  in  Figure  14.2.  The  anticipated  buckling  pattern 
allowed  the  modeling  of  only  90  deg  of  the  ring.  Symmetry  boundary  conditions  were 
imposed  on  the  nodes  at  0  and  90  deg.  Element  type  16  has  four  degrees  of  freedom 
per  node.  The  boundary  conditions  imposed  were  one  displacement  and  one  rotation 
set  equal  to  zero  at  each  of  the  ends. 

The  model  was  divided  into  two  substructures  of  45  deg,  each  containing  three 
elements . 

Two  methods  have  been  successfully  employed  to  perturb  an  axisymmetric  model  out 
of  an  axisymmetric  deflection  pattern:  kicker  loads  and  imperfect  geometry.  The 
first  method,  which  was  used  in  this  example,  is  to  apply  a  small,  concentrated 
radial  load  at  one  point.  The  load  used  here  was  0.340E-05  pounds  applied  in  the 
negative  Y  direction  to  node  one  of  substructure  one.  At  the  same  time  a  small 
initial  pressure  load  of  O.lOE-0/  psi  was  applied  to  the  whole  structure.  Note  that 
both  loads  are  increased  when  che  Proportional  Increment  option  is  used.  The  program 
applies  the  initial  loads  linearly.  For  all  subsequent  load  steps  higher  order  terms 
are  included  in  the  displacement  equations.  For  this  reason  the  initial  loading  is 
always  small,  to  "turn  on"  the  nonlinear  analysis  as  soon  as  possible. 

The  second  method  of  perturbation  involves  making  slight  changes  to  the  coordi¬ 
nates  of  tite  "perfect"  model.  If  all  possible  mode  shapes  are  included  in  the 
coordinate  perturbation,  the  model  will  not  be  artificially  forced  into  a  particular 
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mode.  It  was  reported  in  {JONES77}  that  imposing  a  four  wave  mode  shape  on  this 
model  prevented  the  model  from  buckling  in  the  critical  two  wave  modes  and  forced  it 
into  the  four  wave  modes  with  a  pressure  of  300  psi. 

14.3  INPUT  TO  "SUBSTRC" 

The  extreme  simplicity  of  this  model  made  it  possible  to  generate  all  of  the 
data  manually. 

14.4  CASES  RUN 

In  a  nonlinear  analysis,  at  each  load  step  incremental  displacements  are 
estimated  prior  to  an  analysis  and  calculated  at  the  end  of  the  analysis.  The  user 
must  specify  for  a  particular  monitored  degree  of  freedom  how  close  those  two  dis¬ 
placements  must  be,  using  the  input  tolerance  ratio  FRCTOL.  For  example,  a  FRCTOL 
of  1.05  corresponds  to  a  tolerance  of  five  percent.  The  tolerance  ratio  is  dis¬ 
cussed  in  {JONES73}  and  {J0NES77}.  It  should  be  kept  in  mind  that  FRCTOL  is  applied 
to  incremental  displacement  not  to  total  displacement.  It  is  an  imprecise  measure 
of  accuracy  because  it  compares  current  incremental  displacement  only  with  the  pre¬ 
vious  estimate,  not  with  the  "actual"  value.  Thus  a  chosen  FRCTOL  of  1.05,  for 
example,  does  not  mean  that  incremental  displacements  are  guaranteed  to  be  within 
five  percent  of  the  "actual"  value  (where  the  "actual"  value  could  be  defined  as  the 
value  achieved  with  FRCTOL  of  1.0).  It  only  means  that  tolerance  will  be  considered 
satisfied  when  the  incremental  displacement  for  the  n^^  iteration  is  within  five 
perce..L  of  that  calculated  for  the  (n-l)*"^  iteration. 

Data  for  this  model  was  run  a  total  of  four  times.  For  the  first  two  runs  the 
proportional  limit  stress  was  set  high  to  keep  the  analysis  elastic.  For  the  first 
run  the  tolerance  ratio  for  the  monitored  displacement,  FRCTOL,  was  set  to  1.2.  For 
the  second  run  it  was  tightened  to  1.01  to  see  how  sensitive  the  results  were. 

Figure  14.3  shows  a  plot  of  monitored  displacement,  radial  under  the  perturbing  load, 
versus  applied  pressure.  As  the  displacements  became  more  nonlinear,  the  difference 
in  displacements  for  the  two  cases  became  more  pronounced.  However,  in  both  cases 
there  was  a  sharp  change  in  slope  between  56  and  59.5  psi  indicating  approaching 
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buckling.  Thus  if  a  predicted  buckling  pressure  was  the  result  sought,  the  looser 
tolerance  was  acceptable.  It  should  be  noted  that  for  a  buckling  analysis,  unless 
the  user  has  previous  experience  with  a  particular  type  of  structure,  he  shouldn't 
be  satisfied  with  a  single  run. 

Cases  3  and  4  were  run  with  a  proportional  limit  stress  of  2400  psi.  The  work 
hardening  option  was  selected  for  the  material  curve  in  Figure  14.1.  The  looser 
displacement  tolerance  of  1.2  was  used  because  it  seemed  satisfactory  for  the  elastic 
case.  The  only  difference  between  cases  3  and  4  was  that  the  load  increments  were 
half  as  large  for  case  4.  Points  plotted  in  Figure  14.3  represent  load  steps. 
Plasticity  was  reached  in  the  load  step  from  45.5  psi  to  49  psi.  For  a  ring  every 
element  becomes  plastic  at  the  same  time.  There  is  no  way  to  redistribute  the  load 
to  lower  stressed  areas  and  the  ring  here  consequently  buckled  at  about  51  psi. 

Note  that  the  step  sizes  are  considerably  smaller  for  the  two  plastic  raRes  than 
for  the  elastic  cases.  In  general  this  is  necessary  because  of  the  path  dependency 
of  the  plastic  behavior  of  materials.  The  user  will  have  to  determine  the  sensitivi¬ 
ty  of  his  model  to  load  step  size. 

The  cost  of  running  case  three  at  current  rates,  using  priority  two,  was  $17.10. 
This  was  for  nine  successful  load  steps  and  a  total  of  twenty  iterations. 

14.5  MISCELLANEOUS  OBSERVATIONS 

Experience  with  this  and  other  models  has  led  to  several  observations  that  may 
save  the  user  time  and  expense: 

1.  It  is  advantageous  to  have  some  a  priori  knowledge  of  the  buckling  shape  of 
the  model.  This  allows  modeling  a  fraction  of  the  structure  and  applying  symmetry 
boundary  conditions  to  one  or  more  edges.  It  also  helps  the  user  to  decide  the 
number  and  distribution  of  elements  required  to  accurately  model  the  anticipated 
shape.  For  example,  if  an  axisymmetric  cylinder  is  expected  to  buckle  in  two  circum¬ 
ferential  waves,  only  a  ninety  degree  segment  must  be  modeled.  Symmetry  boundary 
conditions  are  then  applied  along  the  zero  and  ninety  degree  generators.  The  number 
of  elements  required  in  the  ninety  degree  segment  would  of  course  depend  on  the 
element  type  used.  It  appears  that  for  element  type  20,  six  elements  give  the  proper 
buckling  load  while  three  elements  will  give  a  buckling  load  about  five  percent 
higher . 
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2.  During  a  nonlinear  analysis  the  program  currently  monitors  the  displacement 
at  a  degree  of  freedom  specified  by  the  user,  always  in  the  first  substructure. 

During  the  early  loading,  when  the  response  is  essentially  linear,  the  monitored 
node  will  displace  in  one  direction.  However,  when  the  model  starts  to  assume  a 
buckled  shape,  that  node  may  very  well  start  to  displace  in  the  opposite  direction. 

For  example,  initially  a  uniform  ring  will  displace  radially  inward  at  all 
points  when  subjected  to  pressure  loading.  As  a  two  wave  buckling  pattern  starts  to 
form,  the  incremental  displacements  for  some  points  will  continue  to  be  radial  inward 
but  other  points  will  start  to  move  outward.  If  one  of  these  latter  points  is  being 
monitored,  the  convergence  will  be  relatively  slow  at  the  load  step  where  the  incre¬ 
mental  displacement  changes  sign.  Therefore,  to  avoid  needless  iterations,  if 
possible  choose  to  monitor  a  degree  of  freedom  whose  displacement  does  not  change 
sign  as  a  buckling  pattern  develops. 

3.  It  appears,  from  experience  to  data,  that  the  nonlinear  buckling  analysis 
of  cylindrical  shells  requires  the  perturbing  influence  of  either  small  point  loads 
or  small  coordinate  modifications.  It  was  initially  supposed  that  the  nonaxisym- 
metric  deflection  induced  in  the  shell  by  attached  nonaxisymmetric  internal  structure 
would  be  enough  to  produce  nonlinearity,  and  then  buckling,  but  such  was  not  the 
case.  It  was  not  until  the  shell  coordinates  were  perturbed  that  the  expected 
response  was  produced. 


271 


5.0 


Figure  lA.l  -  Material  Curve  for  Nonlinear  Example 
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Figure  14.2  -  Model  for  Nonlinear  Example 


CM  O  CM  N 


o  o  o  o 
1“  ^  ^ 
u  u  o  u 

QC  CC  oc  CC 

IL  U.  UL 

o  o  6  6 

H  H  H  h- 

(/></)(/>  (A 
Ui  Ul  o.  o. 

<30  DO 


(!*d)  aanssaud 


274 


Figure  14.3  -  Displacements  for  Nonlinear  Example 
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